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Original Communications 


A MORPHOLOGIC STUDY OF THE CARDIAC CONDUCTION 
SYSTEM IN UNGULATES, DOG, AND MAN 


Part I: THe SINOATRIAL NODE 


DANIEL J. GLOMSET, M.D., AND ANNA T. A. GuLomset, B.S. 
Drs Moines, Iowa 


N 1907 Keith and Flack! described a neuromuscular node which they 

had found in the right atrial myocardium near the mouth of the 
superior vena cava. They stated that the structure of this tissue was 
similar to that of the auriculoventricular node, described by Tawara,? 
and that the heart beat originated in this node. Their statements were 
generally accepted, and used to supply the ‘‘missing link’’ in the chain 
of morphologic evidence in favor of the myogenic theory of the origin 
and transmission of the cardiac impulse. By ingenious electrocardio- 
graphic experiments, Lewis,* in 1913, showed that the heart beat 
originated in this region, and that the impulse spread thence to the 
rest of the heart. Thus, the node of Keith and Flack was established 
as the ‘‘primum movens et ultimum moriens’’ of the heart; and the 
node, together with the Purkinje system, became the morphologic basis 
upon which subsequent knowledge of conduction developed. 

A study of the available literature on the sinoatrial node, however, 
brings to light many conflicting observations. Most experiments on 
ablation of the sinoatrial node fail to show convincingly that the node 
is the pacemaker of the heart (Flack,* Jaeger,’ Magnus-Alsleben,® Moor- 
house,’ Brandenburg and Hoffmann,* Eyster and Meek,’ and Borman’’), 
and there is no unanimity of opinion as to the location, size, and strue- 
ture of the node. The discoverers of the node say that it lies in the 
suleus terminalis. In the human heart its muscle fibers are imbedded 
in dense fibrous tissue around an artery (or a cirele of arteries) which 
is usually found on the caval side of the suleus. This means that most 
of the node must lie on the eaval side. According to Koch" the node 
is spindle-shaped, and the head of the spindle lies in the upper third 
of the suleus, a millimeter or so below the angle made by the cava and 
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the atrial wall. It tapers as it runs downward, and ends left of the 
middle of the inferior vena cava at its junction with the auricle. <A 
slender fasciculus runs upward from the head, either over the cava or 
over the atrium. It is evident that Koch found the node on the atrial 
side of the suleus. Walmsley” states that the node is spindle-shaped, 
and measures 20, by 3, by 1 mm. It gives off fine processes which pass 
over the superior vena cava and into the atrial musculature. In his illus- 
tration, the head of the spindle lies at the top of the suleus. Bruni’ 
modeled the node from serial sections of the hearts of cattle. His 
model of the node is composed of an upper ‘‘head,”’ and a lower, ‘* horse- 
shoe-shaped’’ portion. The ‘‘head’’ lies across the upper part of the 
suleus, and hornlike processes run from it, one on the cava, and the other 
toward the interatrial septum. The ‘‘horseshoe’’ portion straddles the 
superior vena cava at its entrance to the auricle. One end of the 
‘*horseshoe’’ runs anteriorly, and the other posteriorly, around the cava 
on the atrial side of the suleus. In sheep, Bruni found only the ‘*‘horse- 
shoe’’ part. Blair and Davies'* found only the ‘‘horseshoe’’ part in 
man and in eattle. Lewis’ pictures the node, in the dog, on the caval 
side of the suleus, head up. Shaner,'® who also studied the node in 
eattle, found its anlage in the musculature of the superior vena cava 
above the suleus, and states that it descends to the groove at birth. 
In the adult animal the node lies across the cava. Its upper part is 
separated from the atrium by connective tissue, but the lower portion 
is directly continuous with the atrial musculature. Mettam'® found 
that, in the horse, the node is an ill-defined, whitish structure. Its lone 
axis runs parallel to the suleus, and it is 3 em. long by 5 mm. broad. 
Cohn,"* Blair and Davies,'* and others have found that the nodal 
tissue, in man, extends from epicardium to endocardium. In rabbits, 
Koch pictures it involving approximately half of the myocardium; the 
same is true in hogs, according to Lewis. Most of the investigators 
agree with the discoverers that the nodal muscle fibers form a network 
around, or lateral to, the artery (or arteries) in the suleus. The 
tortuosity of the muscle fasciculi accounts, they assert, for the fact 
that such a network is not apparent histologically. Koch was not im- 
pressed by the network formation within the node. Blair and Davies 
state that most of the fibers run vertically, and that the sinoauricular 
node does not resemble the node of Tawara. According to most ob- 
servers, the differentiating features of the special muscle elements are 
the following: 
1. The fibers are a trifle more slender than ordinary atrial fibers. 
2. The fibers are faintly striated (Yater,'* Burian,’® Blair and 
Davies,'* and others). Burian, and Blair and Davies also described a 
clear perinuclear zone comparable to that found in Purkinje fibers. 
3. The nodal fibers are tortuous. 


4. Branching is frequent. 
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». The nuelei are round or oval, and, occasionally, multiple. 

6. The nodal elements are directly continuous with the atrial and 
the caval musculature. 

7. Keith and Flack found ganglion cells and nerve trunks within 
the substance of the node. Subsequent observers, however, located these 
around the periphery of the node. 

8. Several observers have noted that the muscle fibers of the node 
are directly continuous with the musculature of the nodal artery. 

In order to ‘‘illumine that which to us was dark,’’ we undertook a 
eross and microscopic examination of the suleus region in thirteen 
human, six canine, eight bovine, seven ovine, three porcine, and two 
equine hearts. The hearts used for gross dissection were fixed in 
Kaiserling I. The blocks used for microscopic study were fixed in 
Bouin’s solution, or in a 10 per cent solution of formalin. The sections 
were stained routinely with iron hematoxylin, and at times counter- 
stained by van Gieson’s method. Sections were cut longitudinally at 
three levels, viz., the atrial side, the bottom, and the caval side of the 
suleus terminalis, and, transversely, from the upper, middle, and lower 
parts of the suleus. For comparative purposes, the regions around the 
pulmonary veins, the inferior vena eava, and the pulmonary artery, as 
well as various places in the right and the left atrioventricular groove, 


were studied grossly and microscopically. 
GROSS ANATOMY OF THE NODAL REGION 


This part of our investigation was undertaken because Walmsley 
states that the node ean be exposed by gross dissection, and ean be 
seen, when the epicardium is removed, as a yellowish body lying deep 
in the upper part of the suleus. When we earefully removed the peri- 
eardium and the loose areolar tissue from the atrium and the veins, the 
arrangement of the regional muscles was revealed. The most striking 
feature which was observed during the removal of the epicardium was 
the large number of nerve trunks running over the great veins and over 
every part of the atria. A second outstanding feature was the extension 
of the atrial musculature from one-fourth of an ineh to 2 inehes up the 
walls of the great veins. 

Perhaps the muscular arrangement in the region of the superior vena 
cava ean be best described by beginning with Bachman’s bundle.* This 
is a stout band of muscle which extends transversely behind the aorta, 
between the anterior portions of the bases of the auricular appendages. 
At the right end of this bundle the fibers spread out fanlike, forming 
a continuous sheet which extends over the right atrium posteriorly to 
the left of the vena cava, around the cava itself, over the edges and the 
bottom of the sulcus terminalis, and over the right auricular appendage. 
Thus, the cava lies in the buttonhole-like opening of this sheet. When 


*Fasciculus interauricularis horizontalis (Tandler, J.: Anatomie des Herzens, Jena 
G. Fischer, 1913). 
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the fibers enter the suleus, they become surrounded by loose connective 
tissue in the bottom of the suleus, continue downward the length of the 
groove, and extend below it, near the endocardium, toward the atrio- 
ventricular groove. In the hog, and in other animals, also, these fibers 
form a distinct bundle which runs to the auriculoventricular groove 
on the acute margin of the heart. This band is, perhaps, the bundle 
which French writers have described as the direct connection between 


Fig. 1.—Region of the sulcus terminalis from above and behind, showing muscular 
arrangement of the human heart. The epicardium has been remvuved and the vena 
cava bent forward. A, Auricular appendage. C, Vena cava. ST, Sulcus terminalis. 
N, Nerve going up over cava. P, Pulmonary vein. BB, Bachman’s bundle. Ao, Aorta. 
the sinoauricular node and the ventricle. The fibers directly to the left 
and in front of those whieh lie in the bottom of the suleus form the 
outer, left edge of the suleus terminalis. These fibers extend downward 
like a sleeve, and, in the lower part of the suleus, turn to the right. The 
upper fibers of the sleeve run over the cava, forming Wenckebach’s 
bundle, and the lower ones continue backward to the left atrium. The 
surface of the sleeve has a mattressed appearance because of the fact 
that numerous connective tissue trabeculae separate the fasciculi. As 
the fibers of the sleeve turn to the right, over the cava, they become 
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the ‘‘nodal”’ fibers of this locality, and are separated by loose connective 
tissue from those, already described, which run toward the auriculo- 
ventricular groove. Thus, the nodal tissue is but a segment of the myo- 
eardium. 

The arrangement of the muscle fibers in the suleus region was prac- 
tically the same in all of the species studied, although the amount of 
connective tissue varied. The larger the animal, the more conspicuous 
and widespread was the supporting tissue. It was firm and easily seen 
in the horse’s heart, but was scarcely perceptible to the naked eye in 
the heart of the small dog and lamb. In the human heart it forms a 
tough shred whieh surrounds the ‘‘nodal’’ artery. 

The architecture of the myocardium around the pulmonary veins is 
not essentially different from that around the superior vena cava, 
and, when a pulmonary vein enters the atrium obliquely, as does the 
cava, a suleus is formed, and the muscle fibers therein are of the same 
type and are surrounded by the same kind of connective tissue as that 
in the suleus terminalis. 

We found that the histologic structure of the nodal region is sub- 
stantially as it has been described by other investigators. The network 
which is so characteristic of the node of Tawara was not present in the 
node of Keith and Flack in the hearts that we examined. In the upper 
part of the suleus the fibers run nearly parallel to the crista terminalis 
and are arranged in small bundles which are separated by an abundance 
of connective tissue (Fig. 3B). In cross sections through the upper part 
of the suleus the fibers are cut transversely. Here the ‘‘nodal”’ strue- 
ture occupies the entire thickness of the myocardium. It is triangular, 
with its base resting on the endocardium. As the amount of connec- 
tive tissue lessens, toward the sides of the triangle, the peculiarities of 
the muscle fibers disappear. Farther down the suleus, where the sleeve- 
like band of muscle turns to run across the cava, the fibers are cut 
obliquely or longitudinally. However, these are not the fibers which 
are encountered in the upper portion of the suleus. At this level those 
fibers have lost the great amount of connective tissue which surrounded 
them, and now appear as ordinary muscle elements, next to the endo- 
ecardium. The fibers that are cut longitudinally lie under the epi- 
cardium, run to the right, over the eava, and, for the most part, merge 
with the caval musculature (Fig. 2). A few of them, however, end in 
the thick walls of the vessels which lie in this region. To the left, on 
the other hand, the fibers continue as ordinary myocardial elements. 

In the sheep and dog heart, in which the connective tissue is scant, 
and in the human heart, in which there is much loose connective tissue, 
both at the upper edge of the muscle sleeve running across the cava and 
in the space between it and the endocardial myocardium, many of the 
muscle fibers are slender and tortuous (Fig. 2). Sueh fine, wavy fibers 
also run parallel to the posterior wall of the cava in the human, canine, 


and ovine heart. 
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The number of the ‘*peeuliar’’ fibers in the suleus varies with the 
amount of connective tissue which surrounds the eaval entrance. There 
are very tew in the dog and sheep, but many in the horse and ox. 
Branching of the muscle fibers of the caval region is not more frequent 
than in other parts of the myocardium. The striations of the fibers in 
this region are always indistinet, but can be seen in sections which have 
been properly fixed and stained (Fig. 2B). We have not noted any 
special, clear, perinuclear space, such as was deseribed by Burian. The 
nuclei are round when the fibers are cut transversely, oval when they 
are cut obliquely, and rod-shaped when they are sectioned longitu- 
dinally, except in the ease of fibers that have a diameter of four microns, 
or less. In such cells the nucleus is spindle-shaped. Multiple nuclei 
are no more frequent than in ordinary myocardial elements. 

The fibers of the nodal region, therefore, differ from neighboring 
muscle elements in that they are slightly smaller in diameter, less dis- 
tinetly striated, and more tortuous. Naturally, one raises this question : 
Do such differences justify calling this a region of specialized muscle? 
If they do, ordinary muscle elements should not possess these character- 
istics. In order to learn whether or not such is the case, we examined, 
microseopically, the heart wall at the junction of the atrium with the 
inferior vena cava, the coronary sinus, and the pulmonary veins, and 
at the junction of the pulmonary artery with the ventricle, as well as 
at various places in the right and left atrioventricular groove. Our 
observations follow: 

1. Tortuous, slender muscle fibers were present in all of these places, 
and, indeed, in other parts of the atrial and ventricular walls. Sueh 
fibers oecur frequently as bridges between the atria and the ventricles 
in the auriculoventricular groove of young human hearts, and also in 
the hearts of the other species. 

2. We were, therefore, able to verify the statement, made by Kent,?° 
that there are, in man and other mammals, definite muscular bridges 
between auricles and ventricles at various places in the auriculoven- 
tricular groove. 

3. Oval and round nuclei are present in the slender muscle fibers 
wherever they oceur. 

4. The indistinct striations which are characteristic of the muscle 
fibers in the suleus terminalis also occur in the musele fibers that are 
surrounded by excessive amounts of connective tissue elsewhere in the 
heart. 

The large, open vessel shown in Fig. 2, which is located either in the 
center or to the side of the Keith and Flack node, has usually been 
described as an artery. We have never found an internal elastie mem- 
brane nor the intima characteristic of an artery in this vessel. Hence, 
we believe that the vessel is a thick-walled vein. Many such veins were 
found around the cava in the hearts which we studied. Arteries were 
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also present, but they were much smaller, and had the structure typical 
of such vessels. 

The most surprising feature encountered in our histologie investiga- 
tion was the abundance of nerve tissue in both atria and in the auriculo- 
ventricular groove. Nerve cells and collections of nerve fibers were 
most numerous in bovine hearts. Ganglion cells and nerve trunks were 
prevalent in the epicardium of the suleus terminalis. Collections of 
ganglion cells surrounded the caval ostium. Fig. 2 shows a small 
group of nerve cells and a large nerve trunk (human heart). Fig. 3A 


iz. 2.—Cross section from lower half of the sulcus terminalis (human heart) 
5). In A: E, Epicardium. NC, Nerve cells. NT, Nerve trunk. V, Vein. CM, 
Caval muscle. TSM, Tortuous, sle onder, muscle fibers. In B: TSM, Tortuous, slender, 
muscle fibers, showing striations (X70). 


Fi 
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shows a group of ganglion celis behind the cava (bovine heart). The 
aggregations of nerve cells consist of either small or large cells; the 
latter predominate. Near the entrance of the inferior cava, and to the 
left of it, there were huge groups of nerve cells. Scattered nerve 
bundles and nerve cells were found in the epicardium of the entire 
left atrium. Nerve fibers were also observed in the walls of all of 
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the pulmonary veins which were examined, and small groups of ganglion 
cells were found in the atrial wall near them. 

In our search for muscular bridges in the auriculoventricular groove, 
nerve fibers and ganglion cells were found in practically all of the 
localities which we examined, in all of the hearts. Furthermore, as 
will be shown in Part II, nerve fibers and nerve cells are abundant at 
the top of the interventricular septum. These form a wreath of nerve 
tissue which surrounds the entire heart at the junction of its upper 
and lower chambers. 


Fig. 3.—Region of the sulcus terminalis. In A: Bovine heart. G, Ganglia. N, 
Nerves. In B; Equine heart. Upper part of sulcus. BNF, Bundle of nodal fibers in 
dense fibrous tissue, cut transversely. CM, Caval muscle. 


COMMENTS 
It seems to us that our observations clarify many of the puzzling 
statements in the literature on the anatomy and physiology of the 
sinoatrial node. Dissection of this region discloses a stout, transverse 
band of muscle which runs between the bases of the right and left 
auricular appendages. From the right end of this band, a sheet of 
muscle spreads out fanlike to envelop the superior vena cava posteriorly 
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and anteriorly, to form the bottom and the sides of the suleus terminalis, 
and to form a part of the wall of the right appendage. The part of this 
sheet which happens to lie in the bottom of the suleus and its immediate 
neighborhood is what has been described as the node of Keith and Flack. 
The fact that the muscle fibers in this region become a little more slender 
and are less distinctly striated is to be ascribed, we think, to their en- 
vironment. Hence, ‘‘nodal’’ muscle fibers exist on both sides of the 
caval entrance, as well as below and above it. This muscular arrange- 
ment accounts for the lack of agreement concerning the shape and loca- 
tion of the node. It also explains why those who were familiar with the 
histologie appearance of the fibers in this loeality could always find 
‘‘nodal’’ fibers remaining in the uninjured atrium, even after extensive 
destruction of the region, for the point where a given ‘‘nodal’’ fiber 
ceased to be ‘‘special’’ and beeame ordinary myocardium was purely 
a matter of judgment. 

This study does not shed any direct light on whether the slight change 
which takes place in the size and structure of the fibers in the suleus 
region is of such a nature as to make them the ‘‘primum movens et 
ultimum moriens of the heart,’’ but it does, we believe, invalidate the 
general conclusions that the results of experiments on the node are 
exclusively myogenic. Until we exclude the possibility that the thou- 
sands of nerve fibers and ganglion cells in the walls of both auricles may 
affect the results, it cannot be held that the physiologie and electrical 
phenomena which are observed in such experiments are caused solely 
by museular activity. Furthermore, these nerve elements in the atrial 
walls must be taken into account in any study of atrioventricular 
conduction, both in health and in disease. 

CONCLUSIONS 

1. A morphologic study of the region of the sinoatrial node in the 
human, equine, porcine, bovine, and ovine heart discloses the fact that 
the node of Keith and Flack is only a segment of a sheet of muscle 
which covers the first part of the vena cava superior, and spreads to 
the left to form the atrial myocardium. 

2. The fibers of the sheet which lie in the bottom and on the sides 
of the suleus terminalis become more slender and show less distinct 
striations when they are imbedded in connective tissue. These altera- 
tions disappear when the supporting tissue is of the same amount and 
type as that found in the surrounding myocardium. 

3. Nerve trunks and groups of ganglion cells were found in the 
epicardium where the superior vena cava enters the heart, and around 
oiher veins of both atria, in all of the hearts which were studied. 

4. Muscle fibers which were identical in size and structure with those 
in the suleus terminalis were found in many places in both the atrial 


and the ventricular walls. 
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5. A wreath of ganglion cells and nerve fibers surrounds the heart 
in the atrioventricular groove. 

6. Many muscular bridges between the auricle and ventricles were 
found in the auriculoventricular groove. 

7. It is suggested that the nerve elements which are seattered pro- 
fusely over the atria and in the auriculoventricular groove must be 
taken into account before a proper understanding of ecardiae conduction, 
both in health and disease, can be attained. 
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THE MECHANISM AND NATURE OF VENTRICULAR 
FIBRILLATION* 


J. WiaGers, M.D. 
CLEVELAND, OHIO 


ENTRICULAR fibrillation, first deseribed by Ludwig and Hoffa,’ 

in 1849, and called mouvement fibrillaire by Vulpian,’ in 1874, is 
an incoordinate type of contraction which, despite a high metabolic rate 
of the myocardium,” produces no useful beats. As a result, the arterial 
pressure falls abruptly to very low levels, and death results within six 
to eight minutes from anemia of the brain and spinal cord. Abrupt 
apnea, followed by asphyxial gasps, pallor, cessation of all pulsations 
and heart sounds, and loss of all reflexes are the clinical earmarks of 
death from ventricular fibrillation. 

Not all animals are equally susceptible, and the degree of ventricular 
inecoordination is not equally marked. In the frog and turtle, fibrillation 
is induced with difficulty, and is of a coarse, undulatory type. It is 
generally accepted that the hearts of fowls and small mammals (mouse, 
rat, cat, rabbit, hedgehog, monkey) are more likely to recover spontane- 
ously, but there are marked variations in different animals of the same 
species... In the hearts of larger animals (dog, sheep, goat) the econdi- 
tion is irrevocable. We _have-reeerds of over 400 cases of fibrillation 
in dogs, and have witnessed only a single recovery. We believe that 
recovery is certainly rare in man when the ventricles are entirely 
normal. 

In mammalian hearts, it has been observed as a result of (a) experi- 
mental occlusion of a coronary vessel, (b) stimulation with prolonged, 
direct, alterating or faradie currents, or with brief single shocks applied 
late in systole, (c¢) the use of toxic doses of many drugs, and (d), ocea- 
sionally, as a result of mechanical, chemical, or thermal irritants. So- 
‘called ‘‘spontaneous fibrillation’’ is probably assignable to one of these 
unrecognized factors. 

In man, it is often a terminal event in various forms of cardiac 
failure; indeed, most of the published electroecardiograms were taken 
from moribund patients. It is apparently the cause of sudden death 
following the inhalation of chloroform, benzol, cyclopropane, and other 
vapors. It may prove to be, more often than we think, the cause of 
sudden death after (a) severe blows upon, or other trauma of, the chest, 
with or without obvious injury to the heart, and (b) in eases of stab, 
arrow, or bullet wounds in which death is not the result of hemorrhage 
and cardiac tamponade. However, the most common causes of human 
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ventricular fibrillation are (¢) sudden ocelusion of coronary vessels 
(usually thrombosis), and (d) electrocution, accidental or purposeful. 

My own interest in ventricular fibrillation was awakened by the need 
of conserving laboratory animals during experimental work, for both 
humane and economie reasons. Although materialistic motives were an 
incentive to understand ventricular fibrillation and to seek means for its 
prevention and arrest, the hope has survived that, eventually, facts so 
gathered might have some practical human application. 

In eardiodynamie investigations which were begun in 1912, it was 
necessary to stab a ventricle with the cannula of an optical manometer, 
or with an instrument for producing valvular lesions. In such experi- 
ments one becomes impressed with the great resistance of the heart to 
injury or severe manipulation. Occasionally, however—far too often, 
indeed—a quick stab, a slight adjustment of a troear, or an apparently 
trifling insult resulted in unexpected fibrillation. It occurred in the 
hearts of young and old dogs alike, in hearts in good, as well as poor, 
dynamie and nutritive states. It gradually became evident that I was 
repeating experiments reported by Kronecker and Schmey,' in 1884, 
with the difference that fibrillation occurred without regard to what 
areas were punctured. Between 1912 and 1920, various measures were 
tried to avoid such disasters in experimental work, e.g., changing anes- 
theties or using a combination of anesthetics, cooling dogs to 30° to 
32° C. before experiments were started, stimulating cardiac nerves, and 
employing drugs such as digitalis, quinidine, adenylie acid, ete., as 
prophylacties, but all were without obvious benefit. 

A clue to the cause of fibrillation produced in this way began to ap- 
pear in 1925,* during an investigation of the reactions of the ventricles 
to surface stimuli. May I point out that it was then demonstrated that 
the mammalian ventricle is not refractory to stimuli throughout 
systole, as is generally believed, but that it reacts during the last 0.06 
second of systole by a contraction in early diastole. It is interesting to 
note, parenthetically, that not until 1940 were the ventricles of the 
frog and turtle shown to be similarly nonrefractory (Shannon and 
Wiggers'). 

In our zeal to ascertain the earliest moments of responsiveness of the 
dog’s ventricle, very strong induction shocks were sometimes used. It 
was found, to my disappointment—as far as studies then in progress 
were conecerned—that fibrillation was often induced by such a single 
induction shock. Taken in conjunction with similar experiments of 
Mines’ and de Boer® on the frog’s heart, they seemed to indicate that 
late systole constitutes a period during which the ventricle is especially 
vulnerable to stimuli, and that the incidence of fibrillation from pune- 
tures is not a topographic, but a temporal, matter. However, the clue 
did not then reach a ‘‘publication threshold.’’ Subsequently, Andrus, 
Carter, and Wheeler’ induced atrial fibrillation by a single induction 
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shock; and Ferris, King, Spence, and Williams* produced ventricular 
fibrillation in rams by applying direct current shocks, 0.03 see. in dura- 
tion, to the chest wall during the inscription of the T wave of the 
electrocardiogram. This they interpreted as the partially refractory 
period. More recently, Wegria and I® demonstrated unequivocally that 
the application of very short condenser shocks locally to a spot on 
the ventricle induces fibrillation when the shocks fall during late systole, 
but never at any other phase of the heart cycle. We therefore desig- 
nated this the vulnerable phase of systole. The results have now been 
confirmed, under various nonvolatile anesthetics, on cats and dogs, as 
well as on decerebrated cats. Ventricular fibrillation occurs under a 
wide range ot dynamice conditions, including hypertension, shock, and 
myocardial failure, as well as during anoxia, asphyxia, and hypereapnia. 
How these many influences modify the threshold remains to be de- 
termined. It is induced by stimulating any spot on the ventricular sur- 
face; specific fibrillation areas do not exist. <A brief rectilinear shock 
(ea. 0.01 te 0.08 see.) and a single or partial sine wave are similarly 
effective, but only when they fall during the vulnerable period.’® " 
More prolonged direct current or alternate current shocks induce fibril- 
lation only when an effective moment of the stimulus falls during the 
vulnerable period of a normal or a premature systole.'"'' Spread of 
current is not a factor in the induction of fibrillation.’ 

Certain fundamental facts emerge from studies so far completed: (1) 
librillation is started by a highly localized stimulus which must, how- 
ever, reach a certain strength; otherwise, only a premature beat results. 
(2) It is not necessary to pass a current through the rest of the myo- 
‘ardium in order to induce fibrillation. (38) The eapacity to fibrillate 
is inherent in heart muscle; it does not require the sensitizing action 
of nerves or the presence of epinephrine or related substances, although 
admittedly these may be found to affect the fibrillation threshold. Miss 
Maltby and I found, in 1929 (unpublished work), that fibrillation is 
easily induced in the cat’s ventricle after perfusion for many hours with 
Locke’s solution, which certainly must have washed away all traces of 


body hormones. 
THE EVOLUTION OF VENTRICULAR FIBRILLATION 


Cinematographic studies’ strongly suggest that ventricular fibrilla- 
tion cannot be adequately described as an asynchronous contraction 
of ultimate myocardial fractions (fibers?). The inecoordination and 
asynehronism first involve comparatively large sections of the myo- 
-ardium, which progressively multiply and decrease in size as fibrillation 
continues; but, even in the stage of fine fibrillation, asynchronism in the 
contraction of adjacent fibers does not seem to occur. The contractions 
are initially vigorous, but fail to elevate ventricular pressure because 
conduction is slow, summation of fractionate contractions is thereby 
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delayed, and different blocks do not contract synchronously. As 
myocardial anoxia develops (because of interruption of coronary flow), 
the vigor of contractions decreases until, within thirty to forty-five 
minutes, all visible signs of movement cease. 

That there are four general stages, as previously described,'* has 
been amply confirmed by our recent studies; but greater thought and ex- 
perience suggest certain reinterpretations and amendments. 

The first, or undulatory, stage, previously ealled the tachysystolie 
stage, is very short; it lasts for only a second or two. However, its 
analysis is highly important for the light it sheds on the mechanism 
which starts the fibrillation. Careful, direct observation or slow-motion 
pictures show that the ventricle undergoes three to six undulatory con- 
tractions which have many of the earmarks of premature systoles. The 
contraction wave spreads more slowly than normal, and in several diree- 
tions from the area stimulated. This is represented schematically in 
4, in which the two dots indicate the stimulated points. <A fair 
degree of coordination exists, in the sense that fairly large areas are 


Fig. 22 
excited in sequence. These contractions are slightly preceded by 
aberrant ventricular complexes in electrocardiograms recorded by stand- 
ard leads. Consequently, I previously concluded, with other observers, 
that fibrillation is initiated by a short run of premature contractions, 
and ealled this the tachysystolic stage. More careful study of a large 
number of instances of fibrillation, particularly those induced by single 
shocks, favors the interpretation that only the first of these beats repre- 
sents a true premature contraction, elicited by the focal stimulation. 
The remainder are apparently caused by re-entrant waves. In the first 
place, a careful re-examination of the motion pictures indicates that the 
surface waves of contraction do not follow quite the same path or areas. 
The evidence for this cannot be presented in print. Secondly, the 
periods of the sequential electrical deflections in the standard leads be- 
come progressively shorter, and the configuration of successive deflec- 
tions changes progressively. This is illustrated by Fig. 1. In curve A 
the introduction of one sine wave (St) during the vulnerable period 
caused a single premature contraction; the complete course of the 
aberrant deflection is indicated by QRT, with a superimposed P. This 
resulted in a barely recognizable rise of intraventricular pressure (wave 
E.) When a different phase of the same shock (Si) strikes the vul- 
nerable period, as in curve B, it produces an almost identical premature 
electrographic deflection (QRT) and a slight rise of pressure (££), but 
this is followed by four electrical deflections of diminishing periods and 
different configurations. These deflections, which represent the intro- 
ductory undulatory phase, change abruptly at Y, where the convulsive 
stage develops. Occasionally, this undulatory stage is more prolonged, 
as shown in Fig. 1, Curve C, in which case the undulatory and convul- 
sive stages are not so clearly demarcated. The effect of these aberrant 
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excitations on ventricular pressures is very variable. Sometimes only 
the first premature beat causes a small pressure elevation, but it may 
be much more definite than any shown in records illustrating this article. 
Occasionally, there are no changes except those which result from atrial 
contractions, as shown in Fig. 1C. Again, the second, third, or fourth 
beat may cause a larger rise of pressure than the first, as illustrated 
in Fig. 1B. Such effects are never observed as a result of repeated 
electrical stimulations during diastole, which evoke true premature 
beats. 

The second stage, that of convulsive tncoordination, lasts from fifteen 
to forty seconds. It is characterized by more frequent waves of con- 
traction, which sweep over smaller sections of the ventricles. Each 
area still executes fairly powerful contractions; but, inasmuch as not 
all masses contract in phase, the ventricle is pulled about in a convul- 
sive manner. The term ‘‘flutter’’ does not describe the appearance of 
these movements very well, and hence is avoided. 
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Fig. 1.—Curve A, Electrocardiogram (Lead II) and left ventricular pressure curves, 
illustrating the production of a premature beat QRT by a single sine wave (St), and 
the delayed effect on left ventricular pressure, . Curve B, Similar records from the 
same experiment, showing effect of a single sine wave (St) during the vulnerable 
period of systole. Note the same initial QRT, followed by deflections of changing con- 
figuration and reduced periods. Curve C, Similar records from another animal show- 
ing same features except a prolongation of the undulatory stage. 

The third stage, that of tremulous incoordination (Herzzittern), lasts 
two to three minutes. The surface of the ventricles appears to be broken 
up progressively into smaller and smaller independently contracting 
areas. These multitudinous contractions of fiber groups, all out of 
phase, give the heart its tremulous appearance, and generally cause an 


inerease in the frequeney of electroecardiographie waves. 
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In summarizing these stages, one may say that ventricular fibrillation 
is never an asynchronous, incoordinate contraction of individual fibers, 
as the name implies. Rather, the incoordination and asynehronism in- 
volve smaller and smaller areas or masses of myocardium, until, in the 
tremulous stage, there are innumerable groups of contracting fibers. 

The fourth stage, that of atonic fibrillation, develops when the in- 
creasing anoxia causes depression of contractile force, slows conduction, 
and, eventually, leads to regional blocks and complete failure of con- 
tractility. It usually develops within two to five minutes after the onset 
of fibrillation, and is characterized by the slow passage of feeble contrae- 
tion wavelets a short distance over the ventricular surface. Progres- 
sively, more and more areas become quiescent, and, in the end, the region 
overlying the interventricular septum alone shows a lazy passage of 
waves. 

THEORIES AS TO THE NATURE AND MECHANISM OF VENTRICULAR 
FIBRILLATION 

As to the fundamental mechanism of fibrillation we have plenty of 
theories, but none is universally accepted. Space is lacking to review 
the different hypotheses, but we may note in passing that they all center 
around two ideas, viz., (a) that the impulses arise from centers, or pace- 
makers, or (b) that the condition is caused by the re-entry of impulses 
and the formation of circles of excitation. Each of these views, again, 
has two groups of exponents, viz., (a) those who believe that a single 
focus, or excitation ring, oceurs, and (b) those who favor the idea that 
multiple foci, or numerous circus rings, are developed. Obviously, all of 
these conceptions revolve about the mechanisms which are in operation 
when fibrillation has been fully established; they do not deal with the 
processes which initiate fibrillation, or with those which explain its evolu- 
tion. Although we are not vet in a position to suggest any hypotheses 
which satisfactorily explain either the inception or the evolution of the 
fibrillation process, we may profitably examine the clues which recent 


experimental work offers. 


THE INITIATION OF FIBRILLATION 

A satisfactory theory as to the onset of ventricular fibrillation must 
explain (a) the re-entry of impulses which causes the primary undula- 
tory beats, and (b) the generalized disorganization of ventricular con- 
duction by a strong, momentary stimulus which is essentially limited 
to one loeality on the ventricular surface. It must further account for 
the facts (¢) that a brief stimulus, or the effective portion of a pro- 
longed one, must fall exactly in the vulnerable phase of late systole, 
and (d) that, if the strength of such a stimulus is inadequate, only a 
premature contraction results, i.e., that the conditions for re-entry 
and induction of undulatory beats are not created. We may profitably 
examine to what extent these coefficients can be explained by recent 
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experimental work, and state with greater exactness the problems that 
remained unsolved. 

The demonstration that brief shocks, when applied locally to the 
ventricle, can cause a response, i.e., either a premature contraction 
alone, or such a contraction followed by undulatory beats and true 
fibrillation, indicates clearly that some fractions of the myocardium 
have passed out of their refractory state before the end of systole, 
which is demareated by the incisura of ventricular or aortic pressure 
curves, or by the end of the T wave in the electrocardiogram. Such 
a probability has been previously analyzed by the author in a theory 
of the summation of fractionate contractions.’* Such an asynchronous 
offset of fractionate contractions, caused either by the slight delay in 
their onset or by variations in their durations, is, as King’® has properly 
emphasized, essential to any concept of the initiation of fibrillation. Un- 
fortunately, such an analysis does not go far enough; it fails to explain 
why a strong, brief stimulus, when applied during the vulnerable period, 
induces fibrillation, whereas a similar, but weaker, shock is followed only 
by a single premature beat. Frankly, this question cannot now be 
answered, but certain facts allow us to extend the analysis into channels 
that may lead to new experimental ideas. 

It is possible that the premature beats which are elicited by diastolic 
stimuli and by those applied during the vulnerable period are not 
initiated in exactly the same way. It is conceivable, for example, that 
the impulse whieh is initiated by diastolic stimuli at onee spreads 
radially from a discrete focus; whereas an impulse which is started 
during the vulnerable period may find many adjacent fractions still 
refractory, and therefore weave its way to form a broader wave front 
during the first 0.02 to 0.03 second, i.e., until all muscle fractions have 
become nonrefractory. Thus, as is illustrated crudely in Fig. 2B, the 
sinuous passage of impulses from « to y may cause the formation of a 
wave front at y, from which the sweep of excitation responsible for the 
premature beat proceeds. In any event, the longer intervals between 
stimuli and mechanical responses and between the onset of electrical 
and pressure deflections in the case of premature systoles which are 
elicited during the vulnerable period (ef. Fig. 1B and C) suggest that 
there is some sort of delay in their initial spread. 

The fact that only strong stimuli, applied during the vulnerable 
phase, are followed by undulatory waves and fibrillation can be inter- 
preted to signify that they exert some influence at a distance, which 
modifies conduction and permits re-entry, or that more muscle fractions 
are excited under the active electrode, thereby forming a different type 
of wave front, from which conduction proceeds over the myocardium. 
Inasmuch as we are limited to analyzing only contraction and electrical 
phenomena on the surface of the ventricles, it is extremely difficult to 
obtain evidence in favor of either hypothesis. However, a priori, the 
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idea that a strong, brief stimulus creates a local condition responsible 
for re-entry of waves seems the more plausible. Even speculations as 
to how the local action of stronger currents can produce the conditions 
necessary for re-entry of impulses, e.g., longer pathways, slower condue- 
tion, or shorter refractory states in muscle fractions, are still difficult to 
formulate. We have suspected that, by stimulation of more reactive 
fractions, a broader wave front may be formed at y after stronger 
stimuli, and that, in this way, the wave of excitation spreads slowly over 
aberrant channels, perhaps muscle bundles, to the opposite ventricle, 
whereas with weaker stimuli the opposite ventricle is apparently excited 
via its bundle branch.* A forward step would be taken if it could be 
demonstrated that fibrillation occurs only when the impulse which is 
released also causes a premature summation beat of the opposite ven- 
triecle, instead of a delayed, but normal, type of contraction, such as 
occurs after diastolie stimuli. The existence of slowed conduction 
and longer pathways, the two prime factors in re-entry, would thus be 


established. 
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Fig. 2.—Diagrams indicating 
pictures, during stages of fibrillation. A, 
dulatory stage. B, Theoretical passage of impulses from point aw to form 
front at y. C-F, Appearance of contraction waves in small rectancular area W, 
magnified: C, undulatory stage; D, convulsive stage; HW, tremulous stage; F, atonic 


stage, 
MECHANISMS OF EVOLUTION 


It may be stated at once that, in my opinion, the known experimental 
facts are best explained by the theory that a re-entry of impulses and 
formation of limited circuits occur throughout the evolution of fibrilla- 
tion. However, it is necessary to amend this general statement in two 
respects: 1. As the fibrillation advances, the distances traveled de- 
crease, and the number of musele masses which are exeited inde- 
pendently increases and becomes smaller. 2. Inasmuch as sequential 
excitations travel over a bulky mass of ventricular muscle, we must not 
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think in terms of two-dimensional rings or cireuits, but rather of massive 
impulse fronts spreading in three dimensions. 

During the undulatory stage we can conceive of several (probably 
never one) long cireuits of impulse fronts which excite muscle fractions 
in an orderly manner, but in slow sequence. In this way, a slow re- 
cruitment of fractionate contractions occurs in several sections of the 
myocardium ; indeed, it is not impossible that they follow muscle bundles. 
However, inasmuch as the summations of recruited fractionate contrac- 
tions are not synchronous in different sections, the beats of the ventricles 
as a whole at once become ineffective, elevating intraventricular pres- 
sure only a trifle, if at all. 

With the onset of the convulsive stage the circuits of impulse fronts 
abruptly become smaller, perhaps because they interfere with each other 
and are annihilated as wave fronts collide, and because there is some 
decrease in rate of conduction as a result of progressive increase in 
anoxia. 

If, during the progressive development of fibrillation, as described 
above, the behavior of any definite surface region—say 2 to 4 em. in 
diameter—is analyzed in the motion pictures, this area appears to be 
broken up progressively into smaller and smaller areas, each developing 
different contraction rates despite continued slowing of conduction. 
An attempt at statie pictorial representation of what moving pictures 
show clearly is made in Fig. 2. 

The fan-shaped Jines of Fig. 2A serve to denote roughly the slow 
sweep of contractions from the point of stimulation. If a small recti- 
linear area such as is drawn in this figure is enlarged, we note a portion 
of the unidirectional sweep of the wave, as indieated in Fig. 2C. If such 
a small area is studied frame by frame, in moving pictures, we note that, 
as fibrillation progresses to the convulsive stage, waves begin to travel 
in different directions at different times, as illustrated in Fig. 1D. 
During the tremulous stage, myriads of minute wavelets seem to spread 
over this small area, as shown very imperfectly in Fig. 12. Finally, in 
the atonie stage, waves of contraction spread oceasionally and _ lazily 
over portions of this area, as indicated in Fig. 1/. If several such areas 
are compared, the tempos of dominant contractions are rarely related ; 
in fact, considerable differences are usually found. Such an analysis 
of surface contractions by cinematographic methods is probably more 
precise than a study of contractions recorded by simple mechanical 
devices, for records so obtained are decidedly affected by shortening and 
lengthening in adjacent and underlying muscle. Consequently, the 
evidence presented by Rothberger and Winterberg’® that the contrac- 
tions in different regions are synchronous cannot be regarded as con- 
vineing. Indeed, Rothberger,’* in reviewing this work, admits that 
synehronism of regional contractions is found only occasionally and, we 
may add, it then probably occurs fortuitously. Evidence of asynehronism 
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in different regions was also found by B. Kisch,'* who registered electrical 
variations by two punctate leads from the ventricular surface. He 
found that the deflections from such areas differ as to amplitude, form, 
direction, and number. I have recorded similar, punctate unipolar leads 
simultaneously from three or four regions of the ventricles, together 
with a standard electrocardiogram, in fourteen dogs. Analysis of many 
records has shown that only exceptionally, and for brief periods, is 
there any synchronism of deflections. Examples are shown in Figs. 3, 4, 
and 5. Fig. 3 illustrates four such leads from areas indicated on the 
adjacent photograph of the ventricles, while the ventricle was beating 
normally, just before fibrillation. 

Fig. 4 shows the records from the same points during the convulsive 
stage of fibrillation, i.e., about one minute after the induetion of 
fibrillation. White lines, corresponding to the troughs of the standard 
electroeardiographie defiections, are drawn to cut the respective 
curves. A glance shows the lack of incidence, as well as the differences 
in direction, form, and amplitude, of the most nearly corresponding 
waves. The tempo and regularity of the major deflections are also 
variable. Thus, in the segment reproduced as Fig. 4, we can count nine- 
teen to twenty-one waves in the lead from point 7, twenty-one irregular 
waves in that from point 2, thirteen rather regular deflections in the lead 
from point 3, eleven variable waves in that from point /, and nineteen 
periodically variable deflections in the standard electrocardiogram 
(Lead IT). 

It is difficult to understand how such asynehronism of visible and 
electrical waves could occur as a result of the release of stimuli from 
a unitary center or a single excitation ring. This also accords with 
the evidence on ventricular fibrillation presented by Brams and Katz." 
On the other hand, it is easy to explain by assuming that a wholly 
unorganized spread of impulses oceurs, and that fields of re-entry 
are progressively reduced as a result of the interference of more and 
more impulses. 

As the areas diminish in size the convulsive movements are trans- 
formed into tremulous vibrations, because the waves re-enter more 
frequently. The tempo of fibrillation in small areas, and therefore of 
the whole heart, becomes very rapid. Coincident with this breakdown 
into smaller areas, the frequency of fibrillating waves in standard 
leads inereases progressively from 500 or 600 to 1,000 per minute, 
or more. However, variations in the tempo of local, standard, electro- 
cardiographie deflections must be expected because of the frequent 
summation of the ultimate potential differences which are created by 
spatially separated fiber groups. Fig. 5 shows 3 punctate leads, together 
with a standard Lead II, during the early tremulous stage. The ealeu- 
lated frequency of deflection in the upper record is 840/min., in the 
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second, 675/min., in the third, 600/min., and, in the retouched lower 
curve, about 480/min. 

Another factor enters, however, to explain the progressive changes of 
fibrillation. During the first three stages, the vigor of contraction 
is fairly well maintained in individual fractions. This and the frequent 
excitations probably account for the higher metabolic rate observed 


Fig. 3.—Four, punctate, unipolar leads from points on the yentricular surface, 
indicated by picture of heart, to right, and an electrocardiogram (Lead II) from 
normally beating heart. 


Fig. 4.—Same leads as in Fig. 3, from same heart during convulsive stage of fibrilla- 
tion, i.e., thirty-nine seconds after its induction. 
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by Hooker and his associates.2. However, the only readily available 
supply of the oxygen which is necessary for contraction is bound to 
myohemoglobin. The oxygen bound to the blood in the ventricles is 
probably of little use. As the oxygen is gradually depleted and waste 
products continue to accumulate because of the absence of circulation, 
the fractionate contractions become progressively weaker, and finally 
cease entirely. This explains the ultimate weakening of contractions 
during the atonie phase of fibrillation, which may last thirty minutes 


or more. 


Fig. 5.—Similar leads from another heart during beginning of tremulous stage. 


SUMMARY 


Ventricular fibrillation, which is a common cause of sudden death 
following anesthesia, coronary occlusion, electric shock, ete., cannot be 
adequately described as an asynchronous, incoordinate contraction of 
ultimate cardiae fractions. The process is an evolution of changes 
from the moment of its inception until it ceases completely, which is 
within thirty to forty-five minutes. 

The visible spread of waves and punctate unipolar electrocardiograms 
are reviewed. The available evidence favors the conclusion that, after a 
single premature systole, the phenomenon is caused by re-entry of 
circulating wave fronts which involve smaller and smaller blocks of 
myoeardium, each of which develops an independent excitation. As 
a result of the anoxia which develops progressively after the cessation 
of coronary flow, conduction is slowed and the vigor of fractionate eon- 
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tractions decreased. The resultant of these changes causes, in succes- 
sion, the undulatory, convulsive, tremulous, and atonic stages of its 
evolution. 

The theory which best explains these sequential changes and the 
initiation of fibrillation by the application of a brief, strong, localized 
shock during the vulnerable period of late systole may be stated briefly 
as follows: 

In order to initiate fibrillation, an electrical stimulus or noxious in- 
fluences with a ‘‘fibrillation threshold’’ must be applied during the 
vulnerable period of late systole, at which time certain elements have 
passed out of the refractory phase. Such a stimulus excites impulses 
in a number of nonrefractory fractions. These weave their way slowly 
through local, nonrefractory tissue to form a small wave front, from 
which a massive excitation wave sweeps over comparatively large por- 
tions of the myocardium in sequential order. This constitutes the first 
premature systole. If the wave front is large enough, and the mode 
of spread favorable for re-entry at, or near, the point of excitation, 
several cireuits are formed through the ventricles; this is the un- 
dulatory stage. 

In some way—possibly by collision of different: excitation fronts, 
combined with slow conduction—these masses of myocardium are 
broken into smaller and smaller ones, in which divided waves re- 
enter more frequently. Thus the process passes successively into the 
convulsive and tremulous stages; during the latter there are in- 
numerable avenues of re-entry. The atonic stage is characterized by 
progressive enfeeblement of contraction and gradual failure of con- 
duetion, which are the result of anoxia caused by cessation of the 
coronary circulation. 

This theory is obviously incomplete in many details and ean be ex- 
panded only through the development of more perfect methods for 
following the spread of impulses over the cardiac surface. 

The author is indebted to the John and Mary R. Markle Foundation for a grant 


for 1939-1940 which has made continuation of his investigations possible. 
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THE PHYSIOLOGIC BASIS FOR CARDIAC RESUSCITATION 
FROM VENTRICULAR FIBRILLATION—METHOD 
FOR SERIAL DEFIBRILLATION 


CaRL J. WicGcers, M.D. 
CLEVELAND, OHIO 


HE high incidence of death from ventricular fibrillation secondary 

to coronary occlusion and the increasing mortality from accidental 
electrocution resulting from the widespread use of electrical appliances 
in our homes, on our farms, and in our trades and professions make 
the subject of ventricular fibrillation of special interest in the fields of 
preventive and curative medicine alike. It is obviously imperative that 
scientists should continue experimentation for the purpose of determin- 
ing the conditions under which electric currents become dangerous, of 
attempting to render the ventricles less susceptible to fibrillating agents, 
and of devising means for the resuscitation of fibrillating hearts. While 
the rescue of human lives has not yet been achieved, it appears to 
many that we may be on the threshold of success, certainly in selected 
cases. Ilowever, our hope of crossing that threshold does not lie in 
the continuance of haphazard modes of experimentation, but in a 
methodical approach based on an understanding of the physiologic 
factors which determine success or failure in any given instance. 

My own experience has convinced me that the physiologic basis 
for resuscitation of the ventricles from fibrillation rests firmly on the 
conception that ventricular fibrillation is not a constant phenomenon, 
but an evoluting series of changes from the moment of its inception 
until its natural cessation, which occurs within thirty to forty-five 
minutes. As was shown in the preceding communication,’ the asyn- 
chronicity and ineoordination involve progressively smaller blocks 
of myocardium, in which the character of the contraction alters as a 
result of progressive anoxia caused by cessation of coronary flow. 
Consequently, in devising procedures to defibrillate the heart and to 
restore normal modes of excitation and vigorous coordinated contrae- 
tions, we must take cognizance of the state which exists at the time 
the procedures are applied. 

‘or example, the atonie stage of fibrillation, in which a significant 
degree of anoxia causes depression of contractile force and slows con- 
duciion, develops two to five minutes after the onset of fibrillation, or 
appreciably earlier than irretrievable failure of the central nervous 
system. Although fibrillation ean be readily stopped at this time, the 
coordinated beats which redevelop are exeeedingly weak and, dynam- 
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ically, useless. Consequently, one of the problems of revival consists 
either in finding means whieh can be employed within the first three 
minutes or in devising expedients by which more forceful beats can be 
restored. Naturally, the use of powerful stimulants, such as epinephrine 
and related substances, has suggested itself; but it was only realized 
through considered, fundamental studies that these substances must 
necessarily prove valueless because they cannot substitute for the oxygen 
which is lacking. 


METHODS OF DEFIBRILLATION AND RESUSCITATION 

As Garrey® has properly emphasized, the idea of earlier investigators 
that fibrillation is a terminal process when hearts do not recover spon- 
taneously has been amply disproved by abrogating fibrillation in excised 
hearts by cooling, by reducing the mass of fibrillating tissue, or by per- 
fusing hearts with potassium chloride solution, followed by Locke’s 
solution. It was, therefore, not entirely unexpected that the prompt 
use of solutions containing an excess of potassium might likewise abolish 
fibrillation in the intact heart. Two problems existed, however: (1) 
to get the potassium ions to the fibrillating ventricle when the cireula- 
tion is at a standstill and (2) either to remove the excess potassium or 
to neutralize it with calcium. The former was achieved in 1904 by 
d’Halluin,? who injected KCl solution into a jugular vein and then 
massaged the heart. IJlooker,* following an earlier procedure of Crile, 
introduced a weak solution of KCl into a carotid artery under pres- 
sure, while I° injected it directly into the ventricular cavities. These 
various procedures generally proved efficacious in defibrillating the 
ventricles, and the subsequent use of an excess of calcium sometimes 
caused a resumption of spontaneous, coordinated beats. Although such 
oceasional recoveries constituted a technical achievement of which we 
were once justly proud, the therapeutic methods were certainly inade- 
quate. Looking back, they served their chief and broader purpose not 
in their practical usefulness, but in defining more clearly some of 
the requirements which must be fulfilled if the attempt at revival is 
to succeed. These appear to be as follows: (1) Fibrillation must 
cease completely in every fraction of the myocardium. If even a 
vestige of fibrillating muscle remains, coordinate contractions never 
develop. (2) Adequate pacemakers must survive in order to initiate 
impulses with an excitatory value which is sufficient to inaugurate 
coordinated contraction. (3) Not too many pacemakers—preferably 
one—should dominate the re-excitation of the defibrillated ventricle, 
for if too many act, they cause reversion to fibrillation. (4) The 
musele fractions which are so excited must be capable of responding 
with reasonably vigorous contractions; otherwise, weak, coordinated 
beats result, and the heart dies in a hypodynamie state or reverts to 
fibrillation. 
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As I periodically review my own experiments on the successive use 
of potassium and calcium, it appears obvious why failures often oc- 
curred ; indeed, it is remarkable that the method sueceeded as often as 
it did. Potassium abolishes fibrillation, it is true, probably by rapidly 
depressing conductivity, but it depresses contraction and rhythmicity, 
as well. When calcium is used subsequently, it may reawaken too 
many pacemakers, with the result that the ventricles revert to fibrilla- 
tion. However, if repeated revivals are realized, the animal remains 
in a prolonged state of hypercalcemia, which serves no good purpose. 
Epinephrine aids by strengthening the contractions, but it tends to re- 
awaken multiple pacemakers and hence reversion to fibrillation. 

A new epoch in resuscitation was opened when Hooker, Kouwen- 
hoven, and Langworthy® showed in 1933 that the dog’s ventricles 
can be defibrillated, and natural, coordinated beats restored, by the 
passage of a 60-cycle alternating current of about one ampere, for 
0.1 to 5 seconds, through the heart by means of padded electrodes. 
Admittedly, they were preceded in this discovery by others (e.g., 
Prevost and Battelli, 1900), but, as is often the case in the advance of 
science, the greater credit properly belongs to those who place a dis- 
covery on a substantial foundation and thereby give it currency in 
scientific thought. We at once repeated the experiments of Hooker, 
et al., with many favorable results, and, by lecture and demonstration, 
have attempted to acquaint laboratory workers and surgeons with the 
procedure. 

Ferris, et al.,° made a further contribution by showing that the 
method is efficacious for the unexposed hearts of larger animals, pro- 
vided very strong alternating currents are applied to the chest im- 
mediately and briefly, through padded electrodes. However, the 
method has its limitations. All agree that recovery is rare unless the 
countershock is applied within the first two or three minutes after 
electrocution. When the fibrillation is the result of coronary oeclu- 
sion, countershock is not generally efficacious even within this short 
period of expectancy. 

In our continued use of the method we gradually began to under- 
stand the causes for failure and periodically devised slight, but essen- 
tial, modifications, with the result that with proper technique revival 
now generally occurs even following coronary occlusion and when the 
fibrillation has continued for five to ten minutes. In many instances 
the same heart was revived five to ten times, and we have a banner ex- 
periment in which forty-one recoveries occurred in the same dog. 
These modifications were not haphazard but were suggested by re- 
sults of other experiments which I shall briefly relate. 

First, we noted that when fibrillation had continued five minutes 
or more, failure to recover was not caused by the fact that the ven- 
tricles could not be defibrillated, but by the incapacity of the myo- 
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cardium to resume vigorous beating. Massage and epinephrine generally 
caused reversion to fibrillation. Then Tennant and IS made the seem- 
ingly unrelated discovery that a region of heart muscle which has been 
totally deprived of its blood supply by coronary occlusion loses its con- 
tracting power within about one minute. Similarly, we found that 
perfusion of the ramus descendens with Loeke’s solution does not pro- 
vide a heart which is working in the body with sufficient oxygen to 
keep the perfused region contracting. Apparently, the fibrillating 
ventricle which has been deprived of its coronary blood supply 
similarly loses its eapacity for normal contractions within a minute 
or two, and, when defibrillated after that time, is capable of executing 
only feeble, frustrated beats. The conditions are still worse when a 
section of the heart has been ischemic for a time previous to the onset 
of fibrillation; this partly explains the less favorable effeets when 
the fibrillation is caused by coronary occlusion. Apparently, the indiea- 
tions are to supply the myocardium with oxygenated blood during the 
pertod of fibrillation, so that, the moment fibrillation is stopped, the 
musele can contract vigorously. Accordingly, I’ suggested, in 1936, 
that cardiac massage be started as quickly as possible after the onset of 
fibrillation and be continued until the electrodes are ready to be applied 
to the heart. By compressing the ventricles manually about forty times 
per minute, the arterial pressure can be raised to approximately 60 mm. 
Ifg, thereby furnishing oxygenated blood to the heart (va the 
coronaries) and to the central nervous system. 

In 1936 I’ reported the revival of forty dogs from a group of forty- 
seven, and by 1938 I’ had records of 168 revivals out of 187 attempts. 
The procedure has become standard in our laboratory, and its routine 
use by my associates has contributed significantly to the suecess of their 
complicated experiments on the coronary circulation, so that the re- 
vivals now number at least 1,000. Recently, we have adopted the pro- 
cedure of partly compressing the root of the aorta between the fingers 
oceasionally during the manua! compression of the heart, in order to 
send most of the expelled blood through the coronary circuit 

A second eause of failure to revive the heart is the inability to de- 
fibrillate the ventricles completely by a single shock. In order to be 
successful, the alternating current countershoek must be very brief and 
strong. In addition, it must be so applied that a current of effective 
strength traverses the whole myoeardium. In large dog hearts—and 
this probably applies to human hearts—this is sometimes difficult to 
accomplish, with the result that a small area continues to fibrillate. 
Very commonly this is the interventricular septum. Generally, such 
fibrillation is mirrored by fine movements over the septal region of the 
anterior ventricular surface, but occasionally no surface activity is 
apparent, in spite of the fact that the electrocardiogram still shows 
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small fibrillary waves which are easily modified by changing the posi- 
tion of the heart. 

The experiments of Beek and Mautz'? indicated that the injection of 
small quantities of metacaine or procaine into the right ventricle before 
using the massage and countershock is helpful in abolishing such 
residual areas of fibrillation and hence in restoring normal beating. We 
do not believe that such an adjuvant action has been crucially demon- 
strated for these or any other drugs. The observations of Mautz"! 
that procaine reduces the irritability of the heart during diastole, and 
our own confirmatory evidence (unpublished) that the fibrillation 
threshold is reduced somewhat, do net necessarily have any relation 
to the ease with which single electrie shocks defibrillate the ventricles. 
When single, strong shocks are used, there is so much variability in 
their capacity to defibrillate the ventricles that successful defibrilla- 
tien after the use of procaine does not demonstrate an adjuvant action. 
In our large experience with the method, it has frequently happened 
that repeated shocks failed to defibrillate, and, when we were nearly 
ready to stop our trials, a single shock, to our surprise, became effee- 
tive. Proecaine may have an adjuvant action, but, before this de- 
pressant agent is generally used, more substantial evidence of its 
effectiveness is needed than is furnished by the methods so far de- 
vised. In any event, we were not convinced that it helped to restore 
normal beating, because, like quinidine, it depresses the ventricular 
myocardium. This was also noted by Beck and Mautz,'* who then 
adopted the expedient of improving contractility by additional injee- 
tions of 5 ec. of CaCl, in heparin, a procedure which I originally 


advocated but have now abandoned for reasons already discussed. 


SERIAL DEFIBRILLATION 

During the past vear Weeria and I have had remarkable success with 
another modification of the countershoek method which we shall eall 
serial defibrillation. This modification consists in applying to the ven- 
tricles, through padded electrodes, not one, but a series, of brief and 
weaker alternating current shocks. Each shock lasts less than one 
second, and has a strength of approximately 1.0 ampere; one or two see- 
onds elapse between the shocks. As a rule, from three to seven such 
shocks suffice. 

The change in technique is slight, but the effects on the fibrillary 
process are quite different. Each suecessive alternating current shock 
tends to merge smaller fibrillating areas into larger ones, until a con- 
vulsive state, involving larger blocks of tissue, is redeveloped. A 
final shoek then stops the fibrillation and allows coordinated beating 
to be initiated by natural pacemakers. It is our impression, from 
many observations, that the deeper myocardium and septum are thus 
ineluded in fibrillating cireuits and, in consequence, that these larger 
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cireuits are interrupted without the actual passage of currents through 
the deeper layers and septum, as is apparently the case with single 
alternating current shoeks which defibrillate. In addition, the likeli- 
hood of inducing auricular fibrillation is much reduced, so that an- 
other drawback which is inherent in the use of a single, strong 
countershock is avoided. Since September, 1939, Dr. Weegria and 
I have recorded 327 revivals out of 328 attempts and have succeeded 
forty-one times in one dog weighing 15 kilos. In facet, death from 
fibrillation in dogs with exposed hearts to which serial shocks can 
be administered within five minutes is evidence of gross negligence. 
PRESENT STATUS REGARDING APPLICABILITY 

The chief value of the experimental work, so far, consists in the help 
it gives in orienting ourseives as to the directions in which further re- 
search may profitably proceed and as to the avenues of pursuit whieh 
appear to be less promising, if not futile. Great as our progress has 
been during the past two decades, seemingly insurmountable obstacles 
still prevent an immediate application of our current knowledge to the 
practical problem of defibrillating the ventricles and restoring forceful 
coordinated beats after accidental electric shock or coronary ocelu- 
sion. However, it is as important to face these difficulties as it is to 
herald our advances, for further approaches can be made only when the 
problems confronting us are clearly delineated. 

In the ease of an accidental electrocution in which the patient has 
been rendered unconscious, pulseless, and apneic, and no heart sounds 
are audible, the question arises whether the ventricles are fibrillating or 
the heart is arrested. The latter frequently happens after the passage of 
very strong currents. The fear has been expressed that the use of 
eountershcek in the latter instances might start a fatal fibrillation; 
whereas, if the patient were left untreated, spontaneous recovery might 
occur. The suggestion has even been made that any emergency reseue 
plan should provide for suitable electrocardiographic equipment by 
means of which the mechanism of the heartbeat might first be ascer- 
tained. Personally, I regard this as impractical, useless, and a waste of 
precious moments. In the first place, there is, at present, no portable 
electrocardiograph which has the two requisites for such ‘‘field’’ use, 
viz., battery operation and visible recording or electroscopic arrange- 
ments. Furthermore, electrocardiograms, if they could be obtained free 
from skeletal action potentials, might still be indecisive, e.g., in differ- 
entiating the waves of ventricular fibrillation from those of auricular 
fibrillation with ventricular standstill. TFinally, complete arrest of the 
heart is rare, and, if revival has not occurred before an electrographic 
picture can be examined or before countershock electrodes are put in 
place, the pacemakers or conducting system are irretrievably damaged, 


and no spontaneous recovery can be expected. 
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An important question which arises in relation to human emer- 
gencies is, Can sufficient current to defibrillate the ventricles be sent 
through the human heart by means of chest electrodes? It has been 
emphasized repeatedly (looker, et al.,° Ferris, et al.’) that, although 
current durations of 0.1 second suffice and are, indeed, preferable, the 
current passing through the heart must have a minimal intensity. 
Thus the minimal amount of current, when applied as one shock by 
direct electrodes, which will arrest fibrillation in the dog’s heart lies 
hetween 0.8 and 2.0 amperes. It is therefore improbable that the 
ordinary alternating current, 110-volt house circuits which are usually 
available can yield sufficient current to defibrillate human hearts, even 
when electrodes are applied directly. In order to defibrillate dogs’ 
hearts through chest electrodes, at least six to seven amperes are re- 
quired, and, in the case of hearts of animals which are comparable in 
weight to that of man, Ferris, et al.,* found it necessary to apply 3,000 
volts, which gave currents of twenty-five to 30 amperes. The danger* 

not to mention the general unavailability—of such currents for 
rescue work is apparent. 

Our observation that defibrillation can be accomplished in’ the dog 
by the suecessive application of several comparatively weak shocks 
suggests that further studies ought to be made on larger animals in 
order to ascertain whether weaker currents might not suffice if the 
method of serial defibrillation were used. 

Even if these vicissitudes were overcome, we would still be in a 
race with time. To be effective when the chest is unopened, such 
countershocking currents must be applied within two to three minutes 
after the onset of fibrillation. Even when all of the equipment is at 
hand, speed in the execution of each step is required in order to re- 
main within the brief time limits. If apparatus needs to be rushed to 
the victim, or the victim to the apparatus, attempts to rescue appear 
to be futile. Consequently, for the present, the chance of success is 
much greater in the case of patients who are already on the operat- 
ing table, particularly when the chest has been opened. Such in- 
stances of fibrillation should offer the most favorable opportunity for 
the utilization of countershock, even after the three-minute period. 
An artificial coronary circulation sufficient to supply the myocardium 
with oxygen can be created by massaging the heart under aseptic 
conditions, and the subsequent application of adequate, serial counter- 
shocks should cause resumption of vigorous ventricular beating. In 
such attempts at revival, we should cast aside fetishes of therapy 
which have been proved experimentally to be unsound. No eardiae 
stimulant ean be of service, for it eannot be expected to benefit an 
anoxie mammalian myocardium. It can only do harm by setting up 


*Burns, injuries to the spinal cord, closure of the epiglottis, and congestion of 
the trachea and bronchioles are some of the harmful effects which have been noted 
in reviving such large animals. 
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multiple foci which tend to cause reversion to fibrillation. Likewise, 
all agents which are known to modify, or are suspected of modifying, 
conduction, and, therefore, recovery from fibrillation, probably do more 
harm than good, because of the fact that they depress an anoxic myo- 
eardium still further. There is no substitute for lack of oxygen, and 
the only known way to deliver oxygen through the coronary channels 
is by eardiae massage. 

But even if the heart be revived, we may still be defeated in our 
race with time. Experimental evidence indicates that the central 
nervous system ean probably not endure the complete anoxia which 
results from ventricular fibrillation for more than fifteen minutes, and 
perhaps not that long. Moreover, the possibility of reviving higher 
centers through elevation of blood pressure by cardiae massage is not 
as promising as that of reviving the ventricles, and, in the event of 
resuscitation, the possibility must be kept in mind that, unless revival 
is prompt, the recovered victim may be left in a state of mental 
deterioration. 

A word may be added as to the possibility of restoring normal beat- 
ing after fibrillation secondary to coronary occlusion. The normal 
dog’s heart ean rarely be revived unless the occlusion is removed, and 
this is impossible in man. But even when the vessel is again rendered 
patent, in experimental animals, revival is difficult unless the ischemic 
area is first flooded with a supply of arterialized blood through eardiae 
massage. Unless this is done, the fibrillation may be abolished and 
the remainder of the heart may beat a few times, but the ventricles 
quickly revert to fibrillation, probably because the ischemie area, or 
its margins, develop too many pacemakers. 

In conclusion, although the problem of reviving human fibrillating 
hearts must not be considered hopeless, we must not yet allow our- 
selves and others to expect too much in a practical way from our 
present methods until the next fundamental forward step is taken, 
viz., provision of oxygen for the fibrillating ventricle by methods other 
than massage. Since we lack suggestions in this direction, it would 
seem more profitable for the present to direct research talents toward 
the problem of reducing the sensitivity of the ventricle to the agents 
which eause fibrillation, with the hope, eventually, of making the heart 


completely refractory to fibrillation. 
SUMMARY 


A number of procedures which can be credited with a measure of suc- 
cess in defibrillating the ventricles of dogs and in restoring normal, 
vigorous beats are reviewed. The physiologie conditions which seem to 
determine suecess or failure are analyzed and, based upon this, a 
modification of the countershock method, called serial defibrillation, 


which appears to be more uniformly successful, is described. 
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In dogs with exposed hearts, fibrillation can be stopped and co- 
ordinated beats re-established by passing strong alternating currents 
for brief intervals (0.1 to 5 see.) through the ventricles, provided such 
countershock is applied within approximately two minutes. It has been 
estimated that, in order to achieve similar results in man by applying 
electrodes to the chest, 2,000 to 3,000 volts yielding currents of twenty- 
seven to thirty amperes might be needed; so much current would be 
dangerous to both operator and patient. 

Hearts of dogs which have fibrillated for five to fifteen minutes may 
likewise be revived, provided the ventricles are rhythmically compressed 
by hand for about one minute previous to the application of the counter- 
shock. Frequent inability to revive the ventricles by these procedures 
is the result of one or more factors: (1) Failure to abolish every trace 
of fibrillation, (2) failure of natural pacemakers, or conduction, 
to survive (3) depression of muscle fractions as a result of anoxia, so 
that they cannot respond with sufficiently vigorous contractions after 
defibrillation, and (4) the reawakening of too many pacemakers, which 
cause a reversion to fibrillation through conflicting excitations. 

As regards the first difficulty, our recent experimental work indicates 
that fibrillation can be more certainly abolished in every portion of the 
ventricle, and by the use of weaker currents, if, instead of one shock, 
three to seven shocks are applied at intervals of about one or two 
seconds. Each consecutive shock causes a coarser type of fibrillation, 
involving larger masses of muscle, until the final shock arrests the 
fibrillation completely. It is apparently not necessary for such currents 
to traverse the entire myocardium in order to bring about complete 
defibrillation. We call the procedure serial defibrillation. It is prefer- 
able to the use of drugs, such as quinidine, procaine, ete.; the adjuvant 
defibrillating action of these drugs has not yet been crucially demon- 
strated, but the fact that they exert a depressing action on contractility 
is well established. 

As regards the second and third difficulties, it has been shown that 
the viability of pacemakers and of contracting myocardium can be 
assured by efficient massage which raises arterial pressure, restores 
coronary flow, and relieves the anoxia. Incidentally, the viability of 
the central nervous system tends to be maintained. The use of stimulat- 
ing drugs, such as epinephrine, calcium salts, ete., cannot be expected 
to benefit an anoxie mammalian heart, and, after reoxygenation, usually 
sets up multiple pacemakers which tend to cause reversion to fibrillation. 

The difficulties of meeting the conditions necessary for the revival 
of human fibrillating hearts are analyzed. The conelusion is reached 
that, although such an achievement is not impossible, we cannot 
anticipate remarkable results in the present state of our knowledge. For 
the present, it seems most profitable to attempt to discover, through 
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methodical research, means of rendering the ventricles less sensitive to 
agents which cause fibrillation, or, even better, wholly refractory to 
them. 


The author is indebted to the John and Mary R. Markle Foundation for a grant, 
during 1939-40, which has made continuation of this study possible. 
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ESTIMATION OF CARDIOPULMONARY FUNCTIONAL 
CAPACITY BY MEANS OF OXYGEN DEBT STUDIES 
FRANK C. Surron, M.D.,* CLEVELAND, OHIO 
JAMES A. Britton, M.D., Cuicaco, ILuL., AND 
JAMES G. Carr, M.D., Evanston, ILL. 


RELIABLE objective method of testing the functional capacity 

of the heart and lungs has been sought by many investigators. 
Such a test is particularly desirable when shortness of breath or other 
symptoms are largely, or wholly, subjective. Diagnostic problems in- 
volving cardiopulmonary function frequently arise in eases in which 
there is a controversy regarding an occupational health hazard, or a 
elaim for compensation for disability allegedly caused by occupational 
exposure. 

All investigators agree that such a test would supplement, not replace, 
any of the usual diagnostic procedures. An adequate history and a care- 
ful physical examination are unquestionably of the greatest importance. 
It is apparent, also, that no test, however valuable, would supplant the 
sphygmomanometer, electroeardiograph, or roentgenogram of the chest. 
Nevertheless, some practical clinical procedure or instrument which will 
measure individual tolerance to physical activity is needed. This pa- 
per is the report of our experience with a cardiopulmonary function test 
originated by Gustav Nylin,! of Professor Jacobaeus’ Clinie, in Stock- 
holm. 

Many so-ealled ‘‘ function tests’’ have been tried. The most common 
are stair climbing, various kinds of calisthenics, weight lifting, breath 
holding, ete. All of them utilize some form of exercise which makes 
demands upon the heart and respiratory system. With certain modifiea- 
tions of apparatus and technique, the cardiopulmonary function test of 
Nylin' has been selected as most satisfactory. This test is concerned 
with increased oxygen consumption during graduated work (stair climb- 
ing). Sueh inereased oxygen utilization has been termed the ‘‘oxygen 
debt’’ by Hill, Long, and Lupton,? and others. In our selection of this 
test, attention was paid to the often neglected requirement that the work 
should not exceed in amount or differ in kind from what most persons 
are accustomed to in normal, everyday life. 


APPARATUS 
The apparatus (Fig. 1) includes a stairway circuit, reclining chair, Benedict-Roth 
metabolism apparatus, and metronome. The total height of the stairway circuit is 
one meter (six steps). The chair, which is arranged for a semireclining position 
and placed beside the stairway circuit, may be variously adjusted for individual 
comfort, including headrest and armrests. The metabolism machine includes attach- 
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ments for vital capacity measurements and a device for leak-testing which is used 
routinely in individual metabolism studies. All tests were performed by a single 


examiner, in a closed room removed from distracting activity and noise. 


CLINICAL MATERIAL 


Fifty tests were performed on forty-five subjects who were selected at random 


from the Montgomery Ward Clinics of Northwestern University Medical School. 
This series comprised thirty-nine men and six women, whose ages ranged from 17 
Subjects were classified according to the principal diagnosis, as fol- 


to 71 years. 
pulmonary subjects ; 


lows: Group 1, eight cardiopulmonary subjects; Group 2, eight 
Group 5, thirteen cardiac subjects (without heart failure); and Group 
In each case a complete 


t, sixteen 


patients without significant cardiac or pulmonary disease. 
diagnosis was based upon a thorough history and physical examination, together 
with such laboratory procedures as were indicated. The principal individual diag 
noses may later be referred to in Charts 1, 2, and 3. In addition, 2-meter roentgeno- 
grams of the chest, electrocardiograms, thorough chemical and cytologic studies of 


the blood, urinalyses, and blood Wassermann or Kahn tests were done on all subjects. 


METHOD 


In an interview preceding the test, a chronologic occupational history, including 
information concerning current medication and recent or present illness, and a 
detailed account of the subject’s activities during the preceding twenty-four hours, 


were obtained. Those with fever were not accepted. Likewise, those who had had 
alcohol, coffee, tea, tobacco, or food within the preceding two hours were rejected. 


With the subject comfortable in the semireclining position, blood was obtained for 
cytologic and chemical studies, the arm-to-tongue circulation time (Decholin) was 
ascertained, and venous pressure measurements were made, all by one venipuncture. 
A simple manometer was used to measure venous pressure, and the reference point 


was the level of mid-thorax. The arterial blood pressure and pulse rate were recorded 


| 
A Bi 
\ 
| Fig. 1. 
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at three- to five-minute intervals until a basal level was reached; this was also done 
with the subject standing, in a manner similar to that previously described by Cramp 
tons, After the semireclining position had been reassumed, three vital capacity 
measurements were obtained. 

After the subject had remained in the semireclining position for fifteen to thirty 
minutes, a ‘‘resting’’ metabolic rate was taken. This served as a control for com- 
parison with subsequent metabolism studies following exercise. The subject was 
then instructed to climb the stairway circuit ten times, at a rate, regulated by the 
metronome, of 100 steps per minute. Immediately upon completion of the exercise 
a second measurement of the metabolic rate was made; this extended from the 
beginning of the second minute after cessation of exercise to the beginning of the 
eighth minute. During the first half-minute of the metabolism study the pulse rate 
and blood pressure were recorded. Approximately twelve minutes after completion 
of the first exercise test, the second test, requiring twenty trips over the stairway 
circuit at the rate of 100 steps per minute, was carried out, following which another 
measurement of the oxygen consumption was made, together with single observations 
on the pulse rate and blood pressure. These graduated exercise tests were found 
by trial to be most acceptable and are hereafter referred to as the 10/100 and 20/100 
Exercise Tests. 

RESULTS 

Individual and group responses to the exercise tests are indicated in 
the form of charts and graphs; in the latter they are expressed as per 
cent increase of oxygen consumption above the ‘‘resting’’ metabolic 
level. No detailed correlation of the various conventional diagnostic 
aids with the cardiopulmonary funetion tests was attempted; for this a 
larger number of cases would be necessary. 

With the 10/100 Exercise Test (Graph 1), the greatest individual and 
eroup oxygen debt occurred in Group 1. The amount of oxygen debt 
decreased progressively through Groups 2 and 38, and was least in 
Group 4. Group averages are shown. That of Group 4 was but 46 
per cent of the average of Group 1, which means that there was a greatly 
increased oxygen debt in the latter group. In studying the individual 
responses to the 20/100 Exercise Test (Graph IT), it is to be noted that 
seven subjects were unable to tolerate this amount of exertion (because 
of dyspnea). Three had both cardiae and pulmonary disease, one had 
silicosis and pulmonary emphysema, and three had cardiae disease alone. 

In this case, therefore, group averages could not be obtained, but it 
is apparent that the oxygen debt in Groups 1, 2, and 3 was greatly above 
that in Group 4. Individual and group vital capacity measurements 
(Graph IIT) confirmed the long since established observation that pul- 
monary and cardiae diseases are, in general, attended with reduced vital 
capacity. Individual exceptions may be noted. Group averages are 
shown (excluding six female subjects). The average of Group 4 was 
considerably higher than that of any of the other groups. <A spirogram 
which is typical of individual response to exercise is shown in Fig. 2, 
with brief clinical notes on the subject of the study. An increase in the 
respiratory rate and excursion characteristically follows the 10/100 and 
20/100 Exercise Tests, and is quite marked with the latter, in which the 
baseline of the respiratory tracing resembles a parabolie curve. 
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| sufficiency | expo- | involve- 
| Hyperten- | sure | ment 
sion } with 
| | eoro- 
| nary 
| | | | disease 
G. B. | Age | 50 |Essential | 2A |House- |Doubt- |Heart: normal |Left axis|3150 
hy perten- | wife ful size and shape | devia- | e.e. 
| sion No dust] K. Lungs: normai! tion 
| expo- Neg. \orta: normal |Minor 
1192 sure W. changes 
F.L. | 49 |Syphilitic Farmer, |Pos. K.|Heart: 15-20 |Left axis/3100 
| aortitis brick iNeg. % enlarged | devia- c.c. 
Sey a with an- work W. Lungs: mild | tion 
eurysm congestion |Minor 
Wt. |155 | of descend- Aorta: an- | changes 
ing aorta eurysm of 
descending 
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BASAL ABNORMAL METABOLISM 
| om 
| | 2 
| | laa 
¢ 
| | | = 
Reclining 68 [144726 | | |Alb.++)Resting state 29.1] 72 
Sugar +}10, 100 Exer, 79.8 | 86 
Standing | S2 |126/18 | test | 
| |20/100 Exer. | +79.8] 80 
| | 2-3/ test 
| WBC: 
| 30-40 | 
Reclining 52 [164/104 [Sell ack: k: | ote Alb. +4 |Resting state | - 4.0 | 5: 
echol.: |Gran, {10/100 Exer, | 40.3] 72 
Standing | 60 |180/116| 39 easts: | test 
|[eterus 4-6/  |20/100 Exer, | | 80 
| | index: | h.p.f. | test | 
| 10.0 
| | 
| 
Reclining SO [138/94 | 0 Resting state |+10.2} SO 
10/100 Exer. 25.4] 84 
Standing | 84 test 
[20/100 Exer. | +25.4] 92 
| | test 
| 
| | | 
| | 
| 
Reclining | $0 [112/80 T 0 | © |Resting state | 0} 76 
} 10/100 Exer. +11.0] 70 
Standing | 100 {112/90 | test 
20/100 Exer. | 
test 
Reelining| 60 {166/100 0) Alb. +4|Resting state |+14.5| 60 
[10/100 Exer. | 440.7] 58 
Standing | 68 |182/112| | 30-40 | test 
per 20/100 Exer. 15.6] 78 
h. p.f. test 
| | | 
| 
| | | 
| | | 
| | 
| | 
| | 
Reclining > 1170 0 Resting state 23.7 | 94 
| 10/100 Exer. 54.7 | 114 
Standing | 98 |208/ iad test 
20/100 Exer. 
| | | test 
Reclining 12/68 | 0 | 0 Resting state 
| 10/100 Exer. | 426.6] 60 
Sanding} 68 |124/78 test 
| 20/100 Exer. 
| | test 
| | 
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CHarr 3 
PATIENTS WITHOUT SIGNIFICANy | CAB 
| | | | 
| 
| < | BS 
| = Zz, Zz 
= 5 | 3 laS!6alse 
< | | eS | 24 
= | = | | FO 
J.F. |Age | 21 |Detached Clerk |Neg. K.|Heart: Normal {Normal | 5200 8.0 |12 see. Reel 
Sex | @ | retina Lungs: Normal ¢.c. em Stal 
Wt. | 152 Aorta: Normal = 
W.F. |Age| 24 |Left indirect |Clerk |Neg. K.}Heart: Upper |Minimal | 5600 | 20.8 |24 see, Reel 
Sex | @ | inguinal | limit of normal} changes! c.e. | em. otal 
Wt. | 172 | hernia size 
Lungs: Normal] 
| Aorta: Normal| | 
V.C. [Age | 29 |Chronie pos- |Laborer |Neg. K.|Heart: Normal |Normal | 2800 | 13.6 |25 sec, | Reel 
Sex | | terior ure- Lungs: Normal] ec. | em, 
Wt. | 130 | thritis Aorta: Normal! 
| 
F.B. |Age| 61 |Sealp wen Teamster |Pos. K.|Heart: Upper |Normal | 3675 14.4 |14 sec, | Reel 
Sex | @ |Syphilis Neg. W.| limit normal | c.c. | em, otal 
Wt. | 174 size | 
Aortie config. | 
Lungs: SI. 
fibrosis 
Aorta: Tortuous] 
A.L. |Age| 39 [Internal Salesman |Neg. K./Heart: Normal |Normal | 3800 | 12.2 |18 see. 
Sex | @ | hemorrhoids Lungs: Normal | ee. | em. _— 
Wt. | 137 \orta: =Normal | 
P.B. |Age | 57 |[ndirect in- Clerk |Neg. K.|Neart: Normal |Normal | 5600 | 4.0 |17 see. 
Sex | 2 | guinal Lungs: Right | ec. | em, —_ 
Wt. | 130 | hernia | hilar caleifiea- | 
Varicose veins tion 
Aorta: Normal — 
L.S. |Age| 33 [Left ureteral |Clerk |Neg. K.|Heart: Upper | Minimal | 3800 | 15.6 |22 see. 
Sex a ealeulus limit normal | changes | ce. | em “tan 
Wt. | 150 |Hernia size | 
Lungs: Normal] 
Aorta: Normal | 
K.S. |Age | 28 |Chronie Laborer (|Pos. K.|/Heart: Normal |Normal | 3650 | 12.6  |20 see. 
Sex | @ | gonorrhea iNew. W.|Lungs: Normal ec. | em. 
Wt. | 141 |Urethral Aorta: Normal | 
stricture 
B.P. |Age| 26 |Neuro- Laborer Neg. W. Heart: Normal |Minimal | 3925 | 13.4 — 
Sex a dermatitis Lungs: Normal | changes ec. | em 
Wt. | 165 Aorta: Normal | 
| | | a 
O. K. |Age} 36 |Constipation |Taxi |Neg. K.|Heart: | Normal |Normal 350 
Sex 4 |Refractive driver Lungs: Normal | ee, vane 
Wt. | 155 | error Aorta: Normal 
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BASAL ABNORMAL METABOLISM 2 a 5 
| Z = & 
| | 
2a ao ao 5 Sa = 
Reclining| 84 |118/76 U |CO,: Casts: |Resting state | +11.7 : 120/78 
Standing | 104 |130/96 | 40% 3-5 110/100 Exer. test} +14.0 90 | 126/80 | 
| | 20/100 Exer. test| +20.4| 94 | 130/86 | 
Reclining| 66 {112/70 0 0 |Resting state 68 | 112/68 
Standing | 86 |112/80 10/100 Exer. test] +17.7| 66 | 124/76 | 
20/100 Exer. test} +33.3 | 70 | 126/70 | 
Reclining| 62 |112/80 0 0 Alb. ++]Resting state 04.9 60 | 114/86 | 
Standing] 68 |124/90 RBC: {10/100 Exer. test} +21.3 | 64 | 134/88 | 
many {20/100 Exer. test} +21.5| 66 | 154/80 
WBC: 
many 
Reclining} 72 | 76/56 0 CO,: Alb. + |Resting state “-11.0} 68 | 112770 
Standing ‘“Reac- 38.4 Sugar: |10/100 Exer. test} +14.6| 72 | 130/74 
tion’? + 20/100 Exer. test} +23.2 78 | 138/78 
to Gran. | 
decho- easts 
lin? many 
Reclining 114/80 0 0 Resting state -—02.7 1118/78 
Standing | 96 |120/92 10/100 Exer. test] +13.8 | 86 | 126/80 
20/100 Exer. test} +23.5 | 96 | 134/82 
Reclining} 74 |114/78 |Sed. rate | 0 | O  |Resting state 110.3 | 72 ‘118/78 
Standing} 86 |126/86 |60 min.: 10/100 Exer. test] $42.1] 76 | 126/84 | 
25 mm. 20/100 Exer. test! +42.1 88 132/82 | 
} | 
| | 
Reclining} 60| 90/58 | 0 Resting state 107.5 | 62 | 108/66 | 
Standing | 84 |100/78 10/100 Exer. test} +11.1| 74 | 118/78 | 
| lHb. + 120/100 Exer. test} +31.5| 88 | 128/76 | 
| RBC: 
10-15 | 
WBC: } 
25-30 | 
Reclining} 68 [114/74 0 |Sugar: 0 |Resting state +12.3| 66 1116/72; 
Standing | 96 |122/90 | 67 10/100 Exer. test} +29.4 | 66 | 126/70 | 
: 20/100 Exer. test} +33.0| 72 | 132/76 | 
| 47.4 | | 
Reclining| 54 |118/70 0 |CO,: Alb. Resting state 0.0} 54 | 118/72 | 
Standing | 74 |120/85 | 43.7 ++ 10/100 Exer. test} +33.8| 54 | 130/70 } 
Casts: |20/100 Exer. test} +42.6| 58 | 140/72 
15-20 | 
Reclining} 62 |106/70 0 0 Resting state 09.9| 64 | 108/72 | 
Standing | 74 |110/82 10/100 Exer. test] +10.9} 58 | 106/68 | 


20/100 Exer. test 


118.3} 60 |108/68 | 
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CHARI 
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| 
~ | = = 
= Z, as Baise 
J.-A. |Age | 47 [Central Laborer K.|Heart: Normal |Normal 2S00 6.4 (12 see, Re 
Sex | | nervous sys-| Neg. W.|/Lungs: Normal em. Sta 
| 145 | tem syphilis | Aorta: Slightly 
lOptie atrophy) | widened 
C.H. |Age | 50 |Questionable  |Salesman Nee. K.|Heart: Normal |Minimal 3100 12.7 |23 see. 
lo n 
|Sex | 2 | mitral Lungs: Sl. em-| changes | ee. em, Sta 
i\Wt. 144 | regurgita- physema 
| tion |Aorta: Promi- 
nent ascending 
| portion 
A. 8. Age | 30 fever House Neg. K.j/Heart: Normal |Normal 2450 GS [12 see. Ree 
Sex | | wife |Lungs: Normal | em. Sta 
|Wt. | 98 | lAorta: Normal 
| 
M.S. |Age | 45 |Psycho- [Factory |Neg. K.| Heart: 15% en-|Normal | 3100 Rea 
| Sex 2 | neurosis | worker | larged, config. et. em. Star 
| Wt. | 128 |Seoliosis uncertain 
| iLungs: Normal 
|Aorta: Normal 
L. H. Age | 38 |Uterine House Neg. K.| Heart: 5-10% Normal 2650 | 16.0 |12 sec. Rea 
| | fibroids wife Neo. W.| enlarged, aortic em. Cte 
| | £ tal 
Wt. | 155 | Tertiary | config. 
syphilis |Lungs: Normal 
|Aorta: Normal 
M. F. | 37 |Chronie Factory Neg. K.|Heart: Normal |Minimal | 2750 7.2 | 12sec. Reo] 
Sex Q | cholecystitis worker Lungs: Normal | changes em. Star 
Wt. | 128 | Aorta: Normal 


Detailed individual studies are presented in Charts 1, 2, and 38. The 
response of the pulse rate to exercise was found to be variable in all 
groups. According to Katz, et al.‘ ‘‘it is well known that the reaction 
of the cardiae rate and blood pressure to exercise may show wide varia- 
tions, even in normal persons.’’ We found that their use as a criterion 
of response to exercise was particularly unreliable in many of our sub- 
jects who had auricular fibrillation or premature systoles, and when 
there was apprehension or anxiety. In one subject (O. K., Group 4), 
a moderate decrease in pulse rate was accompanied by a slight fall in 
blood pressure. A study of basal pulse rates and blood pressures in the 
semireclining and standing positions revealed no marked deviation from 
the normal variations described by Crampton. When the vital capacity 
was subnormal, there was usually an inereased oxygen debt, and vice 
versa, although several exceptions may be noted. 
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CHART _Cont’D 
BASAL ABNORMAL METABOLISM 
22 | 
| 
Reclining| 62 | 96, 66 | 0 0 Resting state 1410.6] 60 
Standing | 76 |110/80 | 10/100 Exer. test | 111.9} 60 
20/100 Exer. test} +18.3} 72 
Reclining) 52 | 90/62 0 0 |Alb. + |Resting state 408.8} | 102/70 | 
Standing | 64 {106/78 10/100 Exer, test} +181] 52 | 110/70 
20/100 Exer. test} +43.3] 60 | 116/68 
“se. Reclining) 70 | 94/60 |Hb: 12.6 0 | |Resting state |422.6| 72 | 94/64 
Standing} SO /104/70 | Gm. 10/100 Eyer. test | 152.4} 66 | 108/60 
(Cell pack: 20/100 Exer. test} 452.4 90 | 110/64 | 
| 39.0% 
Vol. index 
1.09 
tse. Reclining| 72 1126/78 pack:|CO,: | |Resting state | +16.6| 84 | 126786 
Standing | 84 1138/94 13.0% 13.6 110/100 Exer. test | $51.5 | 66 | 130/78 | 
(Col. and | 120/100 Exer. test] +54.6|] 74 | 132/72 | 
| vol. in- 
dex: 1.07 
| Reclining) 76 |110/78 | |feteruas | |Resting state +14.2| 76 | 114/76 | 
Standing} 861|118/80 | | index: | 110/100 Exer. test | 130.0 78 | 124/80 | 
| 10.0 120/100 Exer. test | $46.7 S86 | 128/76 | 
| | 
Reclining) 84 |106/64 0 COL: 0 |Resting state +16.9/ 76 | 112/76 
Standing | 120 | 96/80 38.4 110/100 Exer. test} 446.4] 88 | 120/76 | 
120/100 Exer. test} +47.9| 102 | 126/7 


Repeat exercise tests (Chart 4) were done on five subjects represent- 
ing Groups 1, 3, and 4. When the results of the repeat test are com- 
pared with those of the original test, a significant uniformity of response 
is apparent. Arnett and De Orsay,’ and others, have pointed out how 
variable the vital capacity is, and conclude that measuring it is prin- 
cipally useful for making comparisons from time to time in the same 
patient. The results of our repeat cardiopulmonary function tests in- 
dicate, likewise, that comparison of two or more tests on one subject is of 
greater value than the results of any single test, for individual responses, 
even in a selected series of single tests, are rather widely variable. 


COMMENT 


The weak link in any eardiopulmonary function test is its interpreta- 
tion. The best that can be hoped for in using such a test is to obtain 
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a reliable indication of the subject's ability to tolerate work at the time 
the work is performed. In many instances, no prognosis can be made 
from the results obtained. In the evaluation of tests involving measure- 
ments of the metabolic rate, it is essential to control, as much as possible, 
factors which may give rise to misleading results. The preliminary 
preparation of our subjects included an intensive search for factors 
which might affect the metabolism studies adversely. In addition, the 
age, sex, state of nutrition, and occupational history were considered 
in each case. The type of test which we used requires a measurable 


++ 


HE 


Graph ITT. 


expenditure of energy at a definite rate. Faster rates were found to be 
unreliable. Many ‘‘effort’’ tests, such as hopping, calisthenics, and stair 
climbing, without accurate timing, do not stress the important factor 
of uniformity of response. One subject may respond with vigor, and 
another in a lazy manner. This raises the question of variation in the 
amount of energy expended. The use of the metronome assures one of 
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CHART 4 


REPEAT EXERCISE TESTS 


BASAL METABOLIC RATE 
| | 10/100 | 20/100 | viTaL 
SUBJECT | AGE | DATE RESTING | EXER- | EXER- CAPAC- REMARKS 
| | STATE | CISE CISE ITY 
| TEST TEST 
L Wik. | 8/29/39 | -04.9% | +39.4% | +58.9% | 3275 ¢.c. Cardiopulmonary. 
| 
W. S. | ot | 8/31/39 | -05.1% 139.1% | +58.6% | 3025 |No significant in- 
terval history. 
2 | oo 158 t22.2% | +58.1% | +73.38% | 2700 ¢.c. |Cardiopulmonary. 
M.B 58 8/31/39 | +29.6% 472.2% +90.4% | 2850c¢.c. |More dyspnea at 
| 
rest. Longer rest 
necessary for ba- 
| sal pulse rate. 
3. V.C. | 29 | 6/22/39 | -04.9% | 421.3% | +21.3% | 2800c.c. |Pt. without car- 
diae or pulmo- 
nary disease. 
| 29 9/ 9/59 | -10.5% +31.9% 31.9% | 3100¢.c.|No_ significant 
| interval history. 
4, K.S 28 | 6/22/59 | +12.3% +29.4% 133.0% | 3650 ¢.c. |Pt. without car- 
| diae or pulmo- 
nary disease. 
K.S 28 8/17/39 05.0% +38.8% | 3600 |No significant in- 
| terval history. 
G. 6/ +12.5% 36.0% | +67.1% | 2800 e.c. |Cardiac. 
G. F 67 8/31/39 | 409.3% 41.8% +62.5% | 2900 Severe precordial 
pain 2 weeks 
| | earlier. 


a uniform response. The variability of pulse rate and blood pressure 
following exercise causes one to question the results of tests which are 
based solely upon such observations. Any test in which the subject is 
required to do work is influenced not only by the funetional capacity of 
the heart, but also by extraeardiae factors, prominent among which are 
the respiratory functional capacity and the physical fitness of the sub- 
ject. It has been our observation that in most instances it is difficult 
to carry out a test of cardiae function which does not, at the same time, 
constitute a test of pulmonary function. Hence, the term ‘‘ecardio- 
pulmonary function test’’ appears correct. 

It is obviously difficult to define a standard of accomplishment for any 
particular group of subjects. A wide range of variation for normal 
persons must necessarily be adopted. The lines A—B in Graphs 1 
and 2 represent arbitrary ‘‘upper limits of normal.’’ Conservative 
opinion suggests that a given response should be considered abnormal 
only if the oxygen consumption increase exceeds this ‘‘limit’’ by 10 per 
cent. Attention is again drawn to the advantage of comparing tests 
made on the same person from time to time. 


SUMMARY 


The response of forty-five persons with, or without, eardiae, pul- 
monary and combined cardiopulmonary disease to a modified stair- 
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eli 


mbing exercise test has been studied, and the ‘‘oxygen debt’’ 


measured, 


The results have been compared with those of other types of function 


tests, and the limitations of interpretation pointed out. 


is 


Although the series of cases is small, the results indicate that the test 
important as an objective method of evaluating diminution in cardio- 


pulmonary reserve. 


bo 


. Brumfield, D. M.: The ‘‘Twenty-five Up and Down’ 
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THE COMBINED USE OF OUABAIN AND DIGITALIS IN THE 
TREATMENT OF CONGESTIVE HEART FAILURE 


Rospert C. BatrrerMAN, M.D., O. ALAN Rose, M.D., AND 
ArTHUR C. DeGrarr, M.D. 
New York, N. Y. 


METHOD of digitalization which will rapidly produce an ef- 
fective therapeutic concentration of the drug in the body, and 
maintain this level thereafter, is presented. 

Theoretic considerations concerning the production of complete 
digitalization with the accepted, rapid methods are represented sche- 
matically in curves A and B, of Fig. 1. When a single dose of digitalis 
is given by mouth, there is a definite latent period of two to five hours 
before any effect is apparent,’ * and it takes six hours for the max- 
imum effect to develop (see curve A, Fig. 1). When doses are repeated 
according to the method of Eggleston,* the full therapeutic effect is not 
manifest before twelve to twenty-four hours. 

The disadvantages of the oral use of digitalis are: (1) the length 
of the latent period before any effect, or the therapeutic one, becomes 
apparent and (2) the necessity of repeating smaller doses under care- 
ful supervision in order to produce complete and safe digitalization. 
Its advantage is the slow rate of elimination from the body, which 
allows persistence of its action for as long a period as ten to fourteen 
days, and facilitates the establishment of a maintenance dose. 

Ouabain (g-strophanthin), when administered intravenously, as 
demonstrated by Wyckoff and Goldring,’ exerts an ‘‘initial effect 
in from five to twenty minutes, and a maximum effect in from fifteen 
to fifty minutes’’ (see curve B, Fig. 1). By giving an initial dose of 
0.5 mg. of ouabain intravenously, and doses of 0.1 mg. at intervals of 
one-half to one hour thereafter, complete digitalization can be obtained 
in from one and one-half to three hours. Although the action of ouabain 
is rapid, it has the disadvantage of being eliminated quickly.*® Be- 
cause of the fact that we do not know how much of the glucoside there 
is in the body twenty-four hours after its administration, the dose 
of digitalis which is necessary to maintain the desired effect is diffi- 
cult to ascertain. 

We have attempted to avoid the disadvantages of both drugs by 
supplementing and maintaining the early action of ouabain by the 
simultaneous administration of a single dose of digitalis. It was to 
he expected that at the time when the therapeutic effect of the ouabain 
passed its maximum and started to diminish, the slowly increasing 
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action of the digitalis would become manifest (see curve C, Fig. 1), 
and that there would be no interval between complete digitalization 
and the establishment of a maintenance dosage of digitalis. 

This principle, whereby a desired therapeutic effect is obtained 
quickly with a rapidly absorbed drug, and thereafter maintained with 
a drug which is more slowly absorbed and excreted, has been applied, 
also, in the field of anesthesia, and more recently, by Sollmann and his 
coworkers,’ to antisyphilitie therapy with bismuth preparations. 
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Fig. 1.—Schematie representation of absorption and elimination, A, of Digitalis 
leaf, given orally by method of Eggleston, B, ouabain, given intravenously by method 
of Wyckoff and Goldring, and C, digitalis and ouabain in combination. (By elimina- 
tion is meant the persistence of digitalis effect upon the ventricular rate of patients 
with auricular fibrillation). The curve of “Elimination” in C (broken line) is at 
present under investigation. 


SELECTION OF MATERIAL 


Patients were selected as follows: (1) Only those patients whose heart disease 
could be classified etiologically in accordance with the criteria’ established by the 
New York Heart Association were included. (2) During the period of hospitalization 
the patient must have had some or all of the following evidences of congestive heart 
failure: dyspnea, orthopnea, congestion of the lungs, a palpable liver, accumulation 
of fluid in body cavities, or peripheral edema. (3) Patients with recent myocardial 


infaretion were exeluded except in two instances, (+) Patients who had received 
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digitalis within the previous two weeks were excluded. (5) Patients with paroxysmal 
arrhythmia, but without congestive heart failure, were not included. (6) It was 
necessary that all patients treated be cooperative, and eapable of taking medication 
by mouth and of giving information regarding subjective changes. 

As is seen in Table I, all etiologic types of heart disease were treated, regardless 
of rhythm, bundle branch block, valvular deformity, or degree of congestive heart 
failure. The ages of the patients ranged between 28 and 79. Eight patients with 
myocardial infarction were studied, but, as has already been mentioned, only two 
had had recent infarction. 

The severity of the congestive heart failure in each case, prior to digitalization, 
was estimated by taking into account (1) the general appearance of the patient, i.e., 
the degree of dyspnea, orthopnea, and extent of edema, (2) how the patient re- 
sponded during the preliminary control period, and (3) the opinion of the ward 


physicians, who made their observations entirely independently. 


METHOD OF STUDY 


Before digitalization, the maximum effect of absolute rest in bed, the administra- 
tion of oxygen and sedatives, limitation of fluid intake, and dietary restrictions was 
ascertained in each case. In seven cases, the preliminary period of observation was 
omitted because immediate digitalization was considered necessary. Ventricular 
rates, pulse rates, and blood pressures were recorded daily. At least one electro- 
cardiogram was taken shortly before digitalization began. All patients, with the 
exception of the two who had recent myocardial infarction, were weighed daily. The 
weight curve was an excellent guide for following the course of the patient’s illness. 
When the weight remained constant, or when there was an increase in weight during 
the preliminary control period, rapid digitalization by the combination of ouabain 
and digitalis leaf was instituted. 

When this state had been achieved, 0.5 me. (5 cat units) of ouabain was given 
intravenously simultaneously with six or eight eat units of digitalis leaf orally; the 
amount of the latter depended on the estimated edema-free weight of the patient. 
No other digitalis was given for twenty-four hours. At the end of this time the 
patient was placed on a daily maintenance dose of one to two cat units of digitalis 
leaf by mouth. It is important that only reliable preparations* of ouabain and 
digitalis be used. Ouabain in solution undergoes deterioration, and, unless a recently 
standardized preparation is used, the desired immediate effect of a dose which is 
considered adequate will not be obtained. 

Immediately preceding digitalization, ventricular rates, pulse rates, and blood 
pressures were recorded repeatedly, until constant levels had become established. 
Ouabain and digitalis were then administered, and the above observations were con- 
tinued at fifteen-minute intervals for a period of two hours. Electrocardiograms 
were taken twenty-four hours later, and at frequent intervals thereafter. In five 
vases, in which auricular fibrillation was present, electrocardiograms were taken at 
fifteen-minute intervals during the first two-hour period of observations. 

All patients were observed daily for symptoms and signs of digitalis toxicity, 
evidences of improvement, and changes in weight, blood pressure, and ventricular 
and pulse rates. 

Both subjective and objective evidences were used as criteria for improvement. 
During the first two hours of constant observation, improvement was judged by the 
general appearance of the patient, decrease in dyspnea, lessening or disappearance 
of orthopnea, diminution of restlessness and agitation, as shown by drowsiness and 


the occurrence of sleep, increase in pulse pressure, improvement of the pulse volume, 


*Ampules of ouabain, in a concentration of 2.5 cat units per e.c., and tablets of 
digitalis (whole leaf) of multiple cat unit strength were supplied by Carroll Dunham 
Smith Pharmacal Company, of Orange, N. J. The potency of these preparations was 
confirmed in our laboratory by the Hatcher and Brody method of assay, 
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disappearance of gallop rhythm, if it had been present prior to treatment, and, in 
patients with auricular fibrillation, slowing of the ventricular rate and disappearance 
of the pulse deficit. Subjective evidence in the absence of objective signs was not 
considered of major importance. It consisted of the patient’s statements with regard 
to ease in breathing and lessening or disappearance of precordial and epigastric dis- 
tress. Criteria for improvement at the end of twenty-four hours were the same, 
and, in addition, consideration was given to decrease in amount of edema, as judged 


by the weight curve. 
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TIME OF IMPROVEMENT 


Fig. 2.—Time of onset of improvement in relation to type of heart disease. 
RESULTS 

In Table Il and Fig. 2, the results as to time of onset of improve- 
ment in relation to the type of heart disease are summarized. Digital- 
ization was produced sixty times in fifty-nine cases. One patient was 
treated on two oceasions. Improvement was noted within fifteen 
minutes in eighteen (30 per cent) of the sixty trials, within one hour 
in thirty-eight (63.3 per cent), and within two hours in forty-nine 
(81.7 per cent). Improvement, therefore, occurred very rapidly in 
the majority of the cases. As a rule, this improvement, once estab- 
lished, was progressive, so that the maximum effeet of digitalization 
occurred at twenty-four hours. The only exception was the patient 
with hyperthyroidism and auricular fibrillation, who, in spite of im- 
mediate improvement, with slowing of the ventricular rate from 138 
to 90 per minute within one and one-half hours, had lost the effect at the 
end of twenty-four hours. 

It is evident from Table Il and Fig. 2 that the type of heart disease 
determined, to a large extent, the time when improvement first mani- 
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fested itself. With one exception, all of the rheumatic patients showed 
improvement within one hour. The early improvement in this group 
may be explained by the fact that so many of the patients had auricular 
fibrillation. All patients with hypertension, uneomplicated by arterio- 
sclerosis, were improved within two hours. However, when arterio- 
sclerosis was an etiologic factor in the heart disease, in only approxi- 
mately 70 per cent of the patients was improvement noted within the 
first two hours. 
TABLE ITI 


RELATION OF TIME OF ONSET OF IMPROVEMENT TO TYPE OF CARDIAC MECHANISM 


NO. OF! 


NUMBER OF PATIENTS IMPROVED IN 


MECHANIS) — > 
CASES! 15 MINUTES 1 HOUR 2 HOURS 2+ HOURS NONE 
Auricular 12 | 3 (25%) 7 (58.3%) | 1 (8.3%) Ll (8.5%) 
fibrillation 
Normal 48* 115 (31.2%) (27.1%) |10 (21%) 9 (18.7%) l (2.1%) 
sinus rhy 
thm 
~ Total | 60* |18 (30%) |20 (33.3%) |11 (18.3%) (16.6%)| 1 (1.6%) 


*One patient treated on 2 admissions. 
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TIME OF IMPROVEMENT 


Fig. 3.—Time of onset of improvement in relation to type of cardiac mechanism. 


The cardiac mechanism appeared to have some relationship to the 
time of onset of improvement (see Table IIT and Fig. 3). Eighty-three 
per cent of the patients with auricular fibrillation were improved with- 
in one hour, whereas only 58 per cent of those with normal sinus 


rhythm showed improvement in this period. 
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‘ontrol: Ventricular Rate = 140/min. 


15 minutes after administration of 5 cat units of Ouabain intra; 
venously and 6 cat units Digitalis Leaf orally. VR = 120/min. 


45 minutes later - VR = 80/min. 


24 hours later - VR = 70/min. 


Fig. 4.—Electrocardiogram of a patient with auricular fibrillation, following digitaliza- 
tion by means of a combination of oubain and digitalis leaf. 


90 minutes leter - VR = 75/min. , 
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There was no definite correlation between the degree of congestive 
heart failure and the time of onset of improvement. The age of the 
patient was not a factor. 

A typical response to this method of digitalization is illustrated by 
the consecutive electrocardiograms of a patient with auricular fibrilla- 
tion (see Fig. 4). Fifteen minutes after beginning treatment there 
Was a significant reduction in the ventricular rate. Ventricular slow- 
ing continued progressively, and the full therapeutic response was 
achieved within twenty-four hours. This effect was maintained with 
two eat units of digitalis leaf daily. Fig. 5 illustrates the course of 
events in a patient with normal sinus rhythm. There was rapid im- 
provement in the patient’s appearanee. His respiratory difficulty 


Fig. 5.—Clinical course of patient with normal sinus rhythm, following digitaliza- 
tion by means of a combination of ouabain and digitalis leaf. M. N., aged 42 years, 
had rheumatic heart disease, mitral stenosis and insufficiency. Weight was 107 pounds. 
Clinical improvement was shown within fifteen minutes. There was no digitalis 
toxicity. 


decreased, and the pulse pressure rose from 51 to 70 mm. Hg. Within 
one hour his gallop rhythm disappeared. His condition improved 
progressively during the following twenty-four hours. A daily main- 
tenance dose of digitalis leaf by mouth caused a rapid loss of edema, 
as evideneed by the weight curve. Anorexia and nausea occurred on 
the ninth day of digitalization. Digitalis therapy was discontinued 
for five days and then reinstituted, and the patient’s course there- 


after was uneventful. 
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TOXICITY 


Eleven patients (18 per cent) showed evidences of mild toxicity at 
the end of twenty-four hours (Table IV); six had anorexia, seven, 
nausea, three, vomiting, and four, prolongation of the P-R interval of 
the electrocardiogram. Neither abnormal rhythms nor multiple pre- 
mature systoles were observed. When symptoms of toxicity de- 
veloped, there was an apparent relationship between the dose of 
digitalis leaf and the weight of the patient. Of the eight patients who 
became toxic on 6 eat units of digitalis, six weighed less than 120 
pounds. Two of the three patients who received 8 cat units of digitalis 
leaf weighed less than 150 pounds. It is therefore recommended 
that, with this method of treatment, the dose of digitalis be regulated 
in the following manner: For patients who weigh less than 125 
pounds, use 4 cat units (0.4 Gm.); for those who weigh between 125 
and 175 pounds, 6 cat units (0.6 Gm.) ; and for those who weigh over 
175 pounds, 8 eat units (0.8 Gm.). 


COMMENT 


The oceurrence of mild toxicity in the above cases is indicative of 
complete digitalization. Evidence that a concentration of digitalis 
high in the therapeutic range was obtained is furnished by the appear- 
ance of mild toxicity in five other cases in which a maintenance dose 
of two cat units (0.2 Gm.) of digitalis leaf was given for from one 
to four days. 

This method of therapy has the following advantages: (1) the use 
of ouabain brings about rapid improvement; (2) the simultaneous 
administration of the more slowly absorbed digitalis leaf not only 
maintains this improvement, but also decreases or abolishes the gap 
between the beginning of digitalization and the establishment of a 
maintenance dose; (3) although more rapid than the usual method of 
digitalization, this method is a safe one, and is no more likely to pro- 
duce toxicity; (4) the method is applicable to patients with normal 
sinus rhythm, as well as those with auricular fibrillation; (5) the tech- 
nique of administration is relatively easy. Complicated ealeulations 
are not necessary to estimate the initial and subsequent doses of 
digitalis. 

SUMMARY 

1. A method of obtaining rapid digitalization by the simultaneous 
administration of ouabain intravenously and digitalis leaf orally is 
presented. 

2. Digitalization was produced sixty times in fifty-nine cases. The 
patients had varying degrees of congestive heart failure and different 
types of heart disease ; their ages ranged from 28 to 79 years. 
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3. In the majority of the cases, improvement occurred within one 


hour. This improvement, once established, was progressive; the 
maximum effect was attained at the end of twenty-four hours. 

4. After the initial digitalization, it was not difficult to establish 
the maintenance dose of digitalis leaf. 

5. The method was found to be applicable to patients with normal 
sinus rhythm, as well as to those with auricular fibrillation. 

6. Evidences of toxicity were the least that could be expected, indi- 


eating that the method is a safe one. 
REFERENCES 


1. Pardee, H. E. B.: Rate of Absorption of Digitalis from Gastro-Intestinal Tract, 
J. A. M. A. 75: 1258, 1920. 

2. Robinson, C. R.: The Rapidity and Persistence of the Action of Digitalis on 
Hearts Showing Auricular Fibriliation, Am. J. Sei. 159: 121, 1920. 

3. Eggleston, C., and Wyckoff, J.: The Absorption of Digitalis in Man, Arch, Int. 
Med. 30: 133, 1922. 

4. Eggleston, C.: Digitalis Dosage, Arch. Int. Med. 16: 1, 1915. 

5. Wyckoff, J., and Goldring, W.: Intravenous Injection of Ouabain in Man, Arch. 
Med. 39: 489, 1927. 

6. Cohn, A., and Levy, R.: A Comparison of the Action in Patients of g-Strophan- 
thin and Digitalis, Proc. Soc. Exper. Biol. and Med. 17: 81, 1919-1920. 

. Sollmann, T., Cole, H. N., and Henderson, K.: Combination Courses of Bismuth 
Administration, J. A. M. A. 111: 2175, 1958. 

8. Nomenclature and Criteria for Diagnosis of Diseases of the Heart, Ed. 4, New 
York Heart Association, New York, 1939. 


| 


RHEUMATIC HEART DISEASE 
AN ANALYSIS OF 796 CASES 


B. J. CLawson, M.D. 
MINNEAPOLIS, MINN. 


HE term ‘‘rheumatic heart disease’? includes (1) the type of 

valvulitis and vegetation immediately associated with acute rheu- 
matic fever or chorea, (2) valve deformities resulting from previous 
attacks of acute rheumatic valvulitis, and (3) the rather unusual con- 
dition of adherent pericardium without an associated valvular deform- 
ity, or cases in which, even if there is a slight valvular deformity, death 
results for the most part from the adherent pericardium. Rheumatic 
infection of the pericardium or myocardium, without valvulitis, is rarely 
seen. 

The verrucous vegetations which are associated with acute rheumatic 
fever are so characteristic of rheumatic infection that a diagnosis of 
rheumatie valvulitis can be made without the immediate presence of 
rheumatie arthritis. These valvular lesions are probably the most com- 
mon and most characteristic manifestations of rheumatic infection. A 
few of the eases reported herein as instances of acute or recurrent 
rheumatie endocarditis are included for anatomic reasons. 

Nonsyphilitie valvular deformities resulting in stenosis and_ in- 
sufficiency are caused by previous attacks of rheumatic valvulitis. Pro- 
liferative inflammation occurs in the valve. This results in a sear 
which commonly becomes calcified. Although bacterial valvulitis may 
bring about an increase in the amount of connective tissue in a valve, 
healing in e¢linically typical cases of bacterial endocarditis is so rare 
that it becomes obvious that healed valve deformities, which are so com- 
monly responsible for cardiae failure in the middle and later decades, 
are seldom, if ever, the result of bacterial endocarditis. 

Atherosclerosis is commonly found in the valves, especially the mitral, 
but available evidence seems to indicate that atherosclerotic changes in 
the cusps, although common, are seldom, if ever, severe enough to pro- 
duce valvular stenosis or insufficiency of a degree sufficient to cause 
eardiae failure. 

If we exclude tuberculous pericarditis, the eardiae failure which is 
‘aused by an adherent pericardium appears, in most cases, to be the 
result of a rheumatic infection. This condition seldom occurs except 
in association with a rheumatic valvular involvement. 

In this paper, the autopsy cases of rheumatic heart disease which 
were encountered in the Department of Pathology at the University 

From the Department of Pathology, University of Minnesota. 
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of Minnesota during the years 1910-1937 are analyzed in respect to 
general incidence, incidence of types, etiology, pathology, and patho- 
genesis; and some important clinical applications are derived from the 
analysis. 

General Incidence.—During the years 1910-1937 there were 27,957 
autopsies, of which 4,254 were done on patients with noncongenital 
cardiac disease (15.2 per cent). In 1,598 (37.6 per cent) of these 
‘ases, the disease was infectious in origin (rheumatic; bacterial; syph- 
ilitic ; toxic myocarditis). There were 796 cases of rheumatic heart dis- 
ease (Table I). This comprised about 50 per cent of all of the cases 
of infectious heart disease, and 18.7 per cent of the total number of 
cases of noncongenital ecardiae disease. 


TABLE I 


TYPES oF RHEUMATIC HEART DISEASE (796 CASES) 


1. Acute rheumatic endocarditis (98) 12.31% 
2. Recurrent rheumatic endocarditis (76) 9.54 
3. Valve deformities (586) 73.61 
a. Incompletely healed (113) 19.28% 
b. Completely healed (239) 40.78 
ce. Caleified, nodular, aortie (234) 39.93 
4. Adherent pericardium (36) 4,52 


Incidence of Types.—The eases of rheumatic heart disease (Table I) 
were divided into four groups: acute rheumatic endocarditis, ninety- 
eight cases (12.31 per cent) ; recurrent rheumatie endocarditis, seventy- 
six cases (9.54 per cent); valve deformities, 586 cases (73.6 per cent), 
and adherent pericardium, thirty-six cases (4.52 per cent). The first 
was characterized by the fact that there were verrucous vegetations on 
valves which, by gross examination, appeared not to have been pre- 
viously thickened. Upon microscopic examination, however, some of 
the valves in this group were found to have such well-developed blood 
vessels that the possibility of a previous infection was suggested. The 
dividing line between acute rheumatie and recurrent rheumatic endo- 
‘arditis is not sharp. 

The second group, comprising cases of recurrent rheumatie endo- 
carditis, was similar to the first, except that the vegetations were on 
grossly thickened fibrous valves. In many eases there was a history 
of repeated attacks of rheumatie fever. 

In the third group, made up of cases of healed valve deformities, 
there were thickened, scarred, and, frequently, calcified valves. In some 
instances, evidences of lack of complete healing could be detected, es- 
pecially microscopically. 

This third group of cases of rheumatic heart disease was further 
divided into three subgroups: (a) incompletely healed valves, 113 
cases (19.28 per cent); (b) completely healed valves, 239 cases (40.78 


per cent); and calcified, nodular aortic valves, 234 cases (39.93 
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per cent). The last subgroup was studied separately, for it is thought 
by some that this lesion results from a metabolic disturbance or athero- 
sclerosis, rather than rheumatie infection, and because it is a fairly 
definite clinical entity. A study of this type of valve deformity has 
already been reported.' Evidence definitely favors the theory of rheu- 
matie origin of this lesion. There appears to be no more evidence that 
the aortie valvular deformity, with calcification, is nonrheumatie in 
origin than that the ealcifie mitral valvular deformity is not the result 
of rheumatie infection. Calcification of the scarred valve is as common 
in the mitral valve as in the aortic. In fact, there are few extensively 
searred valves which are not calcified to a greater or less degree. If all 
of the ealeifie aortic valvular deformities were regarded as nonrheumatie 
in origin, it would have to be coneluded that the aortie valve is not 
commonly attacked by the rheumatie infectious agent. At least 85 per 
cent of deformed aortic valves are calcified. 

The fourth group, comprising cases of rheumatic heart disease in 
which death appeared to have been caused primarily by an adherent 
pericardium, was small (thirty-six cases, or 4.52 per cent). In more 
than half of these, slight valvular deformities were present also. In 
only fifteen of the thirty-six cases were the valves normal grossly. 
Death purely as a result of adherent pericardium is rare. 

Etiology.—The etiology of acute rheumatie fever and rheumatic heart 
disease is considered in this paper in detail only in so far as informa- 
tion can be obtained from those cases in which an autopsy was per- 
formed. Age and sex are discussed as etiologie factors. 

It is generally believed that acute rheumatic fever is an infectious 
disease. There is no general agreement concerning the nature of the 
infectious agent. The three theories are (1) that it is caused by an 
unknown infectious agent; (2) that it is eaused by the Streptococcus 
hemolyticus or viridans; and (3) ihat it is a virus infection. The first 
theory is based primarily on the belief that the rheumatic inflammation 
is of a specific type. The material which forms the basis of this re- 
port furnishes some information on this point, and this will be con- 
sidered further under the discussion of rheumatic inflammation. The 
Streptococcus viridans is the organism which has been most commonly 
isolated from the blood, joints, and pericardial exudates of patients with 
acute rheumatic fever. This occurred in many of the eases of acute 
and reeurrent rheumatic endocarditis in this series. These streptococci 
are regarded by some as secondary invaders, but the relatively high 
percentage of positive cultures from previously healthy persons who 
beeame ill rather suddenly with acute rheumatic fever does not strongly 
support this. Streptococcic allergy is generally considered, by those 
who believe in the streptococcic theory, to be a conspicuous faetor in 
the pathogenesis of rheumatic inflammation. The virus theory is based 
primarily upon the observations of Schlesinger, et al.* They found 
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bodies in the pericardial exudate which resembled the elementary bodies 
of a virus. Recently, Sabin® has isolated filtrable pleuropneumonia-like 
organisms from mice. These organisms, when injected into other mice, 
were capable of producing arthritis in a high percentage of cases. 
Swift* has isolated a similar organism from rheumatie patients. There 
is nothing about the type of inflammation in rheumatic heart disease 
which definitely favors or disfavors the theory that a virus is the active 
agent in rheumatie infection. The type of cellular reaction which oe- 
curs in rheumatie inflammation can be simulated closely experimentally 
by injecting rabbits, especially those which are allergic, with strepto- 
cocci. 

The age and sex incidence in the cases of acute rheumatic endoearditis 
is shown in Table II. Death occurred early in this group; 71.4 per 


TABLE II 


AGE AND SEX INCIDENCE OF ACUTE AND RECURRENT RHEUMATIC ENDOCARDITIS 
(174 CASES) 


cin ACUTE RHEUMATIC (98 CASES) RECURRENT RHEUMATIC (76 CASES) 
eo | MALES 49 |FEMALES 49| TOTAL MALES 38 |FEMALES 38| TOTAL 
: NO. | NO. NO. NO. | NO. % NO. 

“1 | 15 116 #32613 31.6 0 0 | 3 79 | 3 «39 

2 17 34.7 15 30.6 32 32.6 7 18.4 12 31.6 19 95.0 

3 3 6.1 9 184 | 12 12.2 7 18.4 5 132 | 12 15.8 

} 4 8.2 } 82 | 8 8.2 9 yA a | 4 10.5 13 17.1 

5 2 4.1 ] 2.0 3 a 6 15.8 9 23.7 | 15 19.7 

6 4 6.1 0 0 3 | 6 15.8 4 10.5 10 13.2 

7 3 6.1 4 4.1 2 5.2 0 0 2.6 

8 20 0 0 ] 1.0 1 2.6 1 2.6 
9 ] 2.0 2 41 | 3 Sad 0 0 | Q 0 : 4 0 
10 0 0) l 2.0 1 1.0 0 0 | Oo 0 | oO 0 

Total! 49 99.9 19 99.9 | 98 100.0 | 38 99.9 | 38 100.0 | 76 99.9 — 


cent of the males and 81.6 per cent of the females, or a total of 76.4 
per cent, died in the first three decades. There were forty-nine males 
and forty-nine females. 

Of the seventy-six patients who had recurrent rheumatie endocarditis 
(Table II), the greatest percentage of males (23.7 per cent) died in the 
fourth deeade, and the greatest percentage of females (31.6 per cent) in 
the second deeade; 90.8 per cent of the total number died in the see- 
ond to sixth deeades, inclusive. Death occurred at a later stage than in 
the acute rheumatie group. The number of males and females was the 
same, thirty-eight each. It is probable that more females than males 
died with reeurrent rheumatie endocarditis, for in the later deeades the 
number of males in our series is about twice the number of females. 

The age and sex incidence of the valve deformities in subgroups ‘‘a’’ 
and ‘‘b,’’ of group III, is shown in Table III. There were 352 eases, 
179 in males and 173 in females. By correcting for the fact that twice 
as many males as females come to autopsy in most of the decades of 
this group, there would be nearly twice as many females in these two 
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groups. This greater number of females is probably accounted for by 
the fact that patients with aortic lesions were taken from these groups 
and placed in subgroup ‘‘e.”’ 

The highest death rate for both sexes in subgroups 
occurred in the fifth decade; 90.6 per cent of the total number in the 
groups died between the third and seventh inclusive. 
Death from these valve deformities occurred, as a rule, later in life than 
among the patients with acute or recurrent rheumatic infection. 


and 


two decades, 


In subgroup 
was a decided preponderance of males (males 197 and females 97) 
‘e’’ than in subgroups 


(Table IIT). 


Death oceurred later in subgroup 


‘*e’’ (ealeified, nodular, aortic valvular deformity) there 


The greatest percentage of patients of both sexes in sub- 


died in the sixth decade; 90.2 per cent of the total number 
The reason for the greater 


group ‘‘e”’ 
died between the fourth and eighth decades. 
average length of life in this group is the fact that the chief lesion was 
of the aortic valve, for, as was shown in a previous publication,’ a 
patient with an aortie lesion will live, on an average, from fifteen to 
twenty vears longer than one with a mitral deformity. 


TABLE III 


AGE AND SEX INCIDENCE IN CASES OF VALVULAR DEFORMITIES (586 CASES) 


SUBGROUPS ‘‘A’’ AND ‘‘B’’ (352) SUBGROUP ‘‘C’? (234) 

pout MALES FEMALES TOTAL MALES FEMALES TOTAL 

waits NO. % NO. % NO. % NO. % NO. N NO. % 
0.6 3 1.7 4 ll | 0 O 0 0 
i 4 6 ia | 1.0 1 2.7 3 
3 22 12.3 19 11.0 41 11.7 7 3.6 3 8.1 10 4.3 
4 8 21.2 35 20.2 73 20.8 2 2.1 3 8.1 27 11.5 
5 62 34.6 45 26.0 | 107 30.3 35 17.8 D 13.5 40 17.1 
6 32 17.9 | 35 20.2 67 19.0 46 23.4 9 24.5 55 23.6 
7 11 6.1 20 11.6 rs 8.8 45 21.8 5 13.5 48 20.5 
8 8 4.5 10 5.8 18 5.1 36 18.2 5 13.5 41 175 
9 3 pe 2 1.2 5 1.4 4 2.0 5 13.5 9 3.8 
10 0 0 0 0 0 0 0 0 1 2.7 1 0.4 

Total |179 100.0 |173 100.0 [352 99.9 |197 99.9 | 37 99.9 |234 100.0 — 


Of the effects of an adherent 
pericardium, twenty-seven were males and nine were females. The 
death rate was highest among the males in the second and third decades, 
and, among the females, in the second, fourth, and fifth decades. 

There were 490 males and 306 females in this series of 796 cases of 
This does not approximate the relative sex 


thirty-six patients who died from the 


rheumatic heart disease. 
incidence of rheumatie heart disease in the general population, for, 
from the third decade upward, there were twice as many males as fe- 
males in the autopsy material. 

To obtain, approximately, the relative incidence of rheumatic heart 
disease in males and females, the number of male or female patients 
who had any of the types of rheumatie heart disease was compared 
with the total number of males or females who came to autopsy (Table 
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IV). There were 18,227 autopsies on males, and 9,730 on females. This 
gave a percentage, in males, of 2.688, and, in females, of 3.144 of pa- 
tients with rheumatic heart disease. When expressed as the number of 
cases of rheumatic heart disease per thousand autopsies, there were 
about twenty-seven males, and thirty-one females, respectively, per 
thousand. 

It cannot be said definitely that this sex ratio holds in the general 
population, for there may be some degree of selection of cases in an 
autopsy service; however, the autopsy material at the University of 
Minnesota is fairly well distributed. It comes from several publie and 
private hospitals, from the coroner’s service, and from physicians in 
private practice. Furthermore, the percentage of autopsies obtained in 
most of the hospitals is high. In the city of Minneapolis it is about 
15 per cent. It seems fair to conclude that rheumatic heart disease 
occurs with about the same frequency in the two sexes. 

Pathology and Pathogenesis——The pathologie changes in the valves 
and endocardium, the myocardium, the coronary arteries, and the peri- 
eardium were studied. 

The valves which are involved in rheumatic heart disease are prima- 
rily the aortic and mitral, but the triespid and pulmonic valves are not 
infrequently infected, especially when the disease is acute, and generally 
in association with involvement of the aortic or mitral valves, or both. 
In the ninety-eight cases of acute rheumatic endocarditis (Table V), 


TABLE IV 


Sex INCIDENCE OF THE DIFFERENT KINDS OF RHEUMATIC HEART DISEASE IN THE 
ENTIRE AUTOPSY SERIES (18,227 MALES AND 9,730 FEMALES) 


7 MALES FEMALES 
NO. % NO. 
AUTOPSIES AUTOPSIES 
Acute rheumatic 18,227 49 0.268 9,730 49 0.503 
Recurrent rheumatic 18,227 38 0.208 9,750 38 0.390 
Valve deformity 
Subgroups ‘‘a’’ and ‘‘b’’ 18,227 179 0.982 9,730 173 1.778 
Valve deformity 
Subgroup ‘‘e’ 197 1.080 9,730 37 0.380 
Adherent pericardium 27 0.148 | 9,730 9 0.092 
otal 490 2.688 9,730 306 3.144 


the aortie valve was involved alone twice, the mitral valve alone forty- 
three times, both the aortic and mitral twenty-four times, the tricuspid 
and mitral nine times, and the tricuspid, aortic, and mitral ten times; 
there were no eases of involvement of the tricuspid alone, of the tri- 
cuspid and aortic, or of the tricuspid and pulmonic. The tricuspid 
ralve was affected, in all, twenty-eight times. The pulmonie valve was 
involved but once, and, in this ease, it was the only valve affected. 

Of the seventy-six cases of reeurrent rheumatie endocarditis (Table 
V), the aortic valve alone was infected in but two cases, the mitral 
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valve alone in twenty-one, and the aortic and mitral, together, in thirty. 
Involvement of the tricuspid alone did not oceur. Trieuspid and aortic 
involvement was noted once, tricuspid and mitral six times, tricuspid, 
aortic, and mitral eleven times, and tricuspid, pulmonic, aortic, and 
mitral, four times. In all, the tricuspid was involved twenty-two times, 
always in combination with involvement of one or more of the other 
valves. The pulmonic valve was affected four times only, and always in 
combination with involvement of the aortic, mitral, and tricuspid 
valves. 

Of the 113 cases of subgroup ‘‘a’’ of the valve deformities (Table V), 
the aortic valve was deformed alone in four, the mitral valve alone in 
sixty-five, and the aortic and mitral, together, in twenty-eight. 

In the 239 cases of subgroup ‘‘b’’ of the valve deformities (Table V), 
involvement of the aortie valve alone was noted seventeen times, of the 
mitral alone 149 times, and of the aortie and mitral, together, forty-five 
times. In the third subgroup of healed valve deformities, comprising 
ealeified, nodular, aortie lesions (234 cases), there was naturally a 
high incidence of involvement of the aortie valve, for it was upon the 
character of this valve deformity that this classification was made. 
The aortic valve alone showed deformity in 136 cases, and both the 
aortic and mitral in ninety-seven (Table V). 

It is possible, and even probable, that the tricuspid and pulmonic 
valves may have been infected and slightly thickened in any of the eases 
of valve deformity, but the degree was not marked. A slight degree 
of valvular deformity cannot be recognized as easily by gross examina- 
tion as the verrueous vegetations in the eases of acute and recurrent 
rheumatic endocarditis. 

The valves of the left side of the heart showed the greatest incidence 
of involvement (Table V). Of the 780 eases of rheumatic heart disease 
in which the valves were affected, there was involvement of the aortic, 
mitral, or both, in 779 (99.8 per cent). In forty-four (5.6 per cent), the 
valves on the right side of the heart were affected, and, in all of these 
except one (pulmonie alone), there was an associated aortie or mitral 
involvement. 

The relation of sex to the three kinds of valvular involvement (aortic 
alone, mitral alone, and both aortie and mitral) is apparently signifi- 
eant, and may offer an explanation for the high incidence of the calcified, 
nodular, aortic valvular deformity (subgroup ‘‘e’’) in men who die, 
as a rule, in the later deeades. 

In discussing varieties of valvular involvement, three terms are used, 
namely, aortic alone, mitral alone, and aortic and mitral combined. 
Any of these may be associated with tricuspid or pulmonie disease. The 
term ‘‘aortic alone’’ is used to mean that there is no mitral involvement, 
and ‘‘mitral alone’’ that there is no associated aortic lesion. 
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TABLE VI 


PERCENTAGE OF CASES IN WHICH DEATH WAS CAUSED By RHEUMATIC HEART DISEASE 
OR BACTERIAL ENDOCARDITIS, WITH THE FOLLOWING VALVULAR INVOLVEMENT: 
AorTIC, MITRAL, AORTIC AND MITRAL COMBINED (778 RHEUMATIC CASES 
AND 455 CASES OF BACTERIAL ENDOCARDITIS; TOTAL 1,233 CASES) 


MALES, 18,227 AUTOPSIES | 


A | M AM | TOTAL 
Acute and recurrent rheumatic 5 0.027 38 0.208 43 0.235 86 0.471. 
Valve deformity, ‘‘a’’ and} 21 0.115 | 110 0.6038 64 0.551 | 195 1.069 


‘*b,’? and adherent peri-| 

eardium 
Valve deformity ‘‘e’’ 122 0.669 0 0 75 «60.410 | 197 1.080 
Total rheumatic, 778; males,} 148 0.811 | 148 0.811 | 182 0.998 4 

478; females, 300 
Bacterial, 455; males, 282; fe- 

males, 173 


75 «60.411 | 1038 0.565 | 104 0.570 | 282 1.547 


Total valvular, 1,233 | 223 1.223 | 251 1.377 | 292 1.602 | 760 4.169 
FEMALES, 9,730 AUTOPSIES 
A | M AM TOTAL 
Acute and recurrent rheumatic | 0 0 50) «(0.513 37 0.380 | 87 0.894 
Valve deformity, ‘‘a and 7 0.071 | 132 1.356 37 0.380 | 176 1.808 
‘*b,’? and adherent peri-| 
eardium 
Valve deformity ‘‘e’’ | 15 0.154 0 0 22 0.226 37 0.380 
Total rheumatic, 778; males,} 22 0.226 | 182 1.870 96 0.986 | 300 3.083 
478; females, 300 | 
Bacterial, 455; males, 282; fe-| 25 0.256 | 105 1.079 43 0.441 | 173 1.778 
males, 173 | 
Total valvular, 1,233 | 47 0.483 | 287 2949 | 139 1.428 | 473 4.861 


There were 478 males and 300 females in the series of 778 eases of 
rheumatie heart disease in which one of the forms of valvular involve- 
ment (aortic alone, mitral alone, or aortic and mitral combined) was 
present. In Table VI they are placed in three groups: (1) eases of 
acute and recurrent rheumatic endocarditis; (2) cases of incompletely 
and completely healed valvular deformities, and cases of adherent peri- 
eardium with a valvular deformity, also; and (3) cases in which there 
was a calcified, nodular, aortic lesion. It is important to note that the 
percentage of deaths caused by aortic valvular involvement alone was 
greater, and increased more rapidly, from group 1 to group 3 among the 
males than among the females. Group 3 included older persons. The 
mitral alone among the females showed about the same proportional 
increase, except that there was no mitral alone involvement. The total 
percentages of combined aortic and mitral involvement were about the 
same in the two sexes. Among the males the percentage increased from 
0.235 in the first group to 0.410 in the third. Among the females the 
percentage was 0.380 in each of the first 2 groups, but less (0.226) in 
the third group. As shown in the total rheumatie column, the per- 
centages of aortie alone, mitral alone, and aortie and mitral com- 
bined among the males, and aortic and mitral combined among the 
females, were approximately the same (0.811, 0.811, 0.998, and 
0.986, respectively). The incidence of aortie and mitral involvement 
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among the males was the same. Mitral involvement among the females 
was 8.274 times as common as aortie. The outstanding differences in 
percentages were in the incidence of aortic alone and mitral alone 
among the females. The aortie alone was less, and the mitral alone 
was greater among the females than the males. It is obvious that fe- 
males are much more likely to have infection in the mitral valve than 
in the aortic. This selective valvular involvement was also noted in the 
455 cases of bacterial endocarditis (Table VI). The reason for it is not 
understood. 

The gross appearance of the diseased valves presented several inter- 
esting features. In acute and recurrent rheumatic valvulitis the vege- 
tations were always on the ventricular surfaces, a short distance from 
the free margins, of the aortic and pulmonic cusps, and on the auricular 
surfaces, also a short distance from the free margins, of the mitral and 
tricuspid cusps. The fact that these surfaces of the valves contain the 
spongiosa layer, and that there are more vessels in this layer than in 
the fibrosa on the opposite side of the cusps supports the embolic theory 
of the pathogenesis of acute rheumatie endocarditis. 

The thickening and searring of the valves, as was shown in a previous 
paper, are caused by cellular proliferation, which results in an increase 
of connective tissue within the valve. There is no organization of a 
thrombus. In rheumatic valvulitis very little thrombus is formed, and 
what there is contains little or no fibrin. The chordae tendineae are 
also involved, with resultant thickening and shortening. The scars in 
all of the valves show a great tendency to undergo calcification, and 
it is not uncommon to find areas of ossification. 

That normal valves have vessels is affirmed by some® and denied by 
others.* Those who deny that they exist believe that when vessels are 
present the valve has previously been inflamed, and that this inflam- 
mation has resulted in the development of vessels. The evidence ob- 
tained by injecting the coronary arteries and by microscopic examina- 
tion of the valves seems to favor the belief that normal valves have small 
vessels which rapidly become congested and enlarged during inflam- 
mation. 

Microscopically, vessels are easily seen in the inflamed valves early 
in the course of acute rheumatie valvulitis and acute bacterial endo- 
carditis. These vessels may or may not extend from the point of the 
vegetation to the ring. Some of the vessels may be seen communicating 
with indentations on the free surface of the valve, which suggests that 
they may open through the endothelium of the valve; this occurs in the 
heart, and, as Winternitz, et al.,8 have shown, also in the arteries. It 
seems evident from the association of an inerease in vessels and pro- 
liferative and exudative inflammation in the ring that, in most cases, 
the infectious agent probably enters the valve, by way of the coronary 
vessels, through the ring, but, in not a few instances, an early inflam- 
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mation, with inereased formation of vessels, is seen near the distal 
part of the cusp, without any evidence of involvement of the proximal 
part of the valve and the ring. This suggests the possibility that a 
valve may become infected directly from the blood stream. More work 
will have to be done before the pathogenesis of acute rheumatic valvu- 
litis ean be fully understood. 

Microscopically, the inflammation is primarily proliferative. There 
are large cells with dark-staining nuelei. Others have large, vesicular 
nuclei. Some of the cells are multinucleated. They resemble the cells 
which are found in the Aschoff nodules in the myocardium and in 
rheumatic subeutaneous nodules. A hyaline substance, designated as 
fibrinoid material by Klinge,® and degenerated collagen by Gross and 
Ehrlich,’’ is also noted. This appears early in the course of the reaction. 
The inflammation is generally confined to the valves, but the endothe- 
lium may break and a platelet thrombus form; this thrombus bears 
a close resemblance to that which oceurs in bacterial endocarditis, ex- 
cept that the latter is larger and contains bacterial colonies. 

When the inflammation subsides the nuelei become smaller and a 
sear remains. Reeurrences are common. The end result is a healed 
deformity of the valve. Evidences of previous inflammation are as 
common in the ealeified, nodular, aortic type as in other forms of healed 
valvular deformities. The processes which lead to searring of the 
mitral and aortie valves appear to be similar. 

The endocardium of the auricles, as was pointed out by MacCallum," 
and later confirmed by our observations, is affected in acute rheumatic 
endocarditis with about the same frequency (40 per cent) as in sub- 
acute bacterial endocarditis. There were no rheumatic vegetations on 
the ventricular endocardium, except on the chordae tendineae, in our 
eases of acute rheumatie endocarditis. 

The chief gross change noted in the myocardium was hypertrophy, 
and the criterion of hypertrophy was an increase in the weight of the 
heart. This increase in weight was common in eases of acute and recur- 
rent rheumatic endoearditis, but the degree of increase was not as- 
eertained as accurately as in the cases of healed valve deformity, for 
there was a greater variation in age, and the presence of fibrinous 
pericarditis made it difficult to obtain the exact weight of the myo- 
ecardium. The cause of the hypertrophy seems to have been valvular 
insufficiency. 

When the heart weighed 500 grams, or more, in males, and 450 grams, 
or more, in females, it was regarded as definitely hypertrophied. <A 
weight of 400 to 499 grams, in males, and 350 to 449 grams, in females, 
was taken to indicate that hypertrophy was probably present, especially 
in the upper brackets. Weights below 400 grams, in males, and 350 
grams, in females, were considered normal; if any of these hearts came 
from small persons, they may have been slightly hypertrophied. The 
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foregoing estimates, although they do not take into account the relation 
of body weight to heart weight in each individual case, agree well with 
the observations of Smith,'* in his comparison of body weights and 
heart weights. Ilis maximum, average, normal heart weight for a 
male weighing 200 pounds was 412 grams, and, for a woman weighing 
195 pounds, 371 grams. The possibilities of error in our estimations 
of hypertrophy are obviously on the side of passing slightly hyper- 
trophied hearts as normal. This was not regarded as serious in our 
series, for, inasmuch as many different pathologists performed the 
autopsies, there was bound to be a variation in the amount of aorta 
left attached to the heart. Many of the hearts were weighed on spring 
balanees, which might introduce another error. 

The heart weights in 339 of the 352 cases in subgroups ‘‘a’’ and 
‘h.’? of group IIL (healed and unhealed valve deformities), are shown 


TABLE VII 


DEGREE OF HYPERTROPHY IN CASES OF RHEUMATIC VALVE DEFORMITIES AND 
ADHERENT PERICARDIUM 


CODE OF WEIGHTS OF HEARTS 
1. MALES BELOW 400 GRAMS, FEMALES BELOW 350 GRAMS 
2. MALES 400-499, FEMALES 550-449 
> MALES 500-799, FEMALES 450-749 
$, MAL ES S00 OR MORE, FEMALES 750 OR MORE 


VALVE DEFORMITIES | VALVE DEFORMITIES 
SUBGROUPS ‘A’? AND (339) SUBGROU (234) 
MALES FEMALES | TOTAL | MALES | FEMALES TOTAL 

NO. % NO. N | NO. % NO. % NO. % | NO. X 
24 (14.1 15.4 | 50 14.7 4 2.0 2 5.4 | 6 26 
2 34 20.0 | 66 89.0 | 100 29.5 ST 38 16.2 
3 102 60.0 75 444 | 177 52.2 135 «68.5 24 64,9 159 68.0 
4 10 5.8 2 12] 12 35] 31 157 | O 31 13.2 
a 170 99.9 | 169 100.0 | 339 99.9 | 197 99.9 | 37 100.0 34 100.0 _ 


= 
ADHERENT PERICARDIUM (26 ~ TOTAL 5 599 


TOTAL | AL ES Ss 


MALES | FEMALES FEMALES | ~ TOTAL 
NO. % | NO & NO. N NO. NO. & 
2 2 100 | 2 333 | 4 15.4 63 | 79 142 23.7 
3 5 25.0 2 33.3 7 26.9 242 101 343 57.3 
4 10 50.0 2 33.3 | 12) 46.1 51 a 4 | 55 9.2 
[90 100.0 | 6 99.9 | 26 99.9 | 387 | £212 599 100.0. 


in Table VII. The weights were not recorded in all of the 352 eases 
In twenty-four males (14.1 per cent) and twenty-six females (15.4 
per cent), a total of fifty (14.7 per cent), the hearts were not hyper- 
trophied. Fifteen of the twenty-four males and twenty-one of the 
twenty-six females had mitral lesions only. In the group with doubt- 
ful hypertrophy there were thirty-four males (20 per cent) and sixty- 
six females (39 per cent), a total of 100 (29.5 per cent). Unques- 
tionable, but not extensive, hypertrophy was present in 102 (60 per cent ) 
f the males and seventy-five (44.4 per cent) of the females, a total of 
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177 (52.2 per cent). In all but fifty (14.7 per cent) of these 339 cases 
of valve deformities there was some degree of cardiac hypertrophy. The 
hearts of only ten males and two females (3.5 per cent) showed extensive 
hypertrophy (S00 grams, or more, in males, and 750 grams, or more, in 
females). Of the 339 cases, there were mitral lesions in all but twenty ; 
there were aortic lesions in 120, and, in twenty, aortic lesions only. 
Fifteen of the twenty-four males with heart weights below 400 grams, 
and twenty-one of the twenty-six females with heart weights below 
350 grams, had mitral lesions only. With a preponderance of mitral 
deformities, especially when the deformity is stenosis, excessive hyper- 
trophy is not common. 

Hypertrophy was more common in the eases of ealeified, nodular, 
aortie deformity (Table VII). There were 234 eases. Only four males 
(2 per cent) and two females (5.4 per cent), a total of six (2.6 per cent), 
had no hypertrophy. Cases of doubtful hypertrophy were also fewer 
than in the other groups of valve deformities; there were twenty-seven 
males (13.7 per cent), and eleven females (27.7 per cent), a total of 
thirty-eight (16.2 per cent). The percentage of females with doubt- 
ful hypertrophy, or none at all, was greater than that of the males. The 
number with definite, but not extensive, hypertrophy was high in this 
group; there were 135 males (68.5 per cent) and twenty-four females 
(64.9 per cent), a total of 159 (68 per cent). Exeessive hypertrophy 
was also more common in this group. Thirty-one males (15.7 per cent) 
had hearts weighing 800 grams, or more. None of the females had ex- 
cessive hypertrophy, amounting to 750 grams, or more. All members of 
this group had aortic valve deformities, and ninety-seven had a mitral 
deformity, also. Twenty-two of the ninety-seven with a mitral deform- 
itv were females. 

The degree of cardiac hypertrophy in eases in which cardiac fail- 
ure had been caused entirely or primarily by an adherent pericardium is 
shown in Table VII. Of the thirty-six cases, only twenty-six were con- 
sidered. In some of the remaining ten cases the patient had been too 
young, or the weight of the heart was not recorded. There were twenty 
males and six females. Three of the males had hearts weighing less 
than 400 grams. None of the female hearts weighed less than 350 grams. 
Two males had hearts which weighed between 450 and 499 grams. Two 
female hearts weighed between 350 and 449 grams. Fifteen males had 
hearts weighing 500 grams, or more; ten weighed 800 grams, or more; 
the heaviest weighed 1,350 erams. Of course, in all of these cases a 
small part of the weight was contributed by the adherent pericardium. 
Four female hearts weighed from 450 erams to 750 grams; the heaviest 
weighed 750 grams. 

Of the total of 599 hearts, only fifty-nine (9.8 per cent) failed to 
show some degree of hypertrophy. Cardiae hypertrophy is a common 


pathologie change in rheumatie heart disease, especially in eases in 
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which death results from healed valve deformities. The hypertrophy 
appears to be caused by increased work. The greatest degree of hyper- 
trophy was found in the hearts which were the seat of an aortie valvular 
deformity, and when an adherent pericardium had been the chief cause 
of death. 

Gross areas of fibrosis in the myocardium were seen only oceasion- 
ally, and then with difficulty. 

Microscopic examination of the myocardium revealed Aschoff nod- 
ules; diffuse inflammation, with a cellular reaction similar to that in 
the Aschoff nodules; abscesses; and periarterial scars which were partly 
or completely healed. A diffuse suppurative myocarditis was seldom 
observed. 

The incidence of the different kinds of inflammation of the myo- 
cardium was ascertained by examining five sections from each heart. 
Sections of moderate size were taken from the apex and two other 
areas of the left ventricle, from the septum, and from the base of the 
right ventricle. Sometimes more sections were examined. Table VIII 


TABLE VIII 


EVIDENCE OF MYOCARDITIS IN RHEUMATIC HEART DISEASE (295) 


|DIFFUSE IN-| PERI- 
| ASCHOFF : | gies ONE OR 
FLAM- ABSCESSES | ARTERIAL 
NODULES | ax MORE 
| MATION SCARS 
NO. % | NO. % NO. & NO. %o NO. cy 
Acute rheumatic 45 67.16 | 12 17.91 2 2.98 | 21 31.34 53 «79.10 
(67) | 
Recurrent rheu- 30 56.60 | 3 5.66 0 0 30 56.60 40 75.47 
matie (53) | 
Valve deformity | 7 16.27 | 3 6.97 0 0 | 24 55.81 | 25 58.13 
subgroup ‘‘a’’ 
(43) | 
Valve deformity 9 13.84 | 8 12.30 1 153 | 24 36.92 25 38.46 
subgroup ‘‘b’’ 
(65) 
Valve deformity 7 10.44 | 4 5.97 0) 0 | 32 47.76 33 49.25 
subgroup ‘‘e’’ 
(67) 


gives the frequency of the various microscopic pathologie changes which 
were noted in the myoeardium in 295 eases of rheumatic heart disease. 
There were sixty-seven cases of acute rheumatie endocarditis, fifty-three 
of recurrent rheumatic endocarditis, forty-three of incompletely healed 
valvular deformities, sixty-five of completely healed valvular deform- 
ities, and sixty-seven of calcified, nodular, aortic valve deformity. 

The incidence of Aschoff nodules decreased from 67.1 per cent in the 
acute rheumatie group to 10.4 per cent in the calcified, nodular, aortic 
sroup. It was interesting to note that, as the activity of the inflam- 
mation decreased, the number of Aschoff nodules diminished, and that 
the ineidence of Aschoff nodules in the two groups of completely healed 


valvular deformities was nearly the same. 
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A diffuse, proliferative inflammation was also most common in the 
acute rheumatie group, but did not decrease as regularly as the Aschoff 
nodules. 

Abscesses were rare. They were seen in only two cases (2.98 per 
cent) in the acute rheumatic group, and in one (1.53 per cent) of the 
cases of completely healed valvular deformity. 

The periarterial sears differ from those which occur in eases of coro- 
nary sclerosis. The former are immediately around the blood vessels, 
and may be seen in various stages, from degenerating Aschoff nodules 
and irregular proliferative inflammation, to a completely healed sear. 
The sear caused by coronary sclerosis is seldom near the vessel. 

Periarterial scars were least common in the acute rheumatic group 
(31.3 per cent), and most numerous in the recurrent rheumatic group 
(56.6 per cent), but the incidence in the healed rheumatic groups was 
almost as great. The total incidence of one or more of the above micro- 
scopic changes was greatest in the acute rheumatic group (79.1 per 
cent). It was practically as large in the reeurrent rheumatic group 
(75.4 per cent). In subgroups ‘‘a’’ and ‘‘b,’’ of the valve deformities, 
it was 46.3 per cent, and, in subgroup ‘‘e,’’ 49.2 per cent. This was 
significant in considering the etiology of the three groups of valvular 
deformities. 

Another gross pathologie condition which was noted in rheumatic 
heart disease was pericarditis. Clinically, the occurrence of pericarditis 
is often used to help differentiate acute rheumatie endocarditis from 
bacterial endocarditis. 

TABLE IX 
INCIDENCE OF PERICARDITIS IN RHEUMATIC HEART DISEASE AND IN BACTERIAL 


ENDOCARDITIS 


T. Rheumatie 


1. Acute rheumatie endocarditis 58.5 

2. Reeurrent rheumatic endocarditis $1.1 

3. Valve deformities 17.0 
Subgroup ‘‘a’’ 12.5 
Subgroup ‘‘b’’ 22.2 
Subgroup ‘‘c’’ 14.1 

Adherent pericardium 100.0 

Il. Bacterial endocarditis 17.8 


Table IX shows the incidence of pericarditis, either acute or in the 
stage of adherent pericardium, in the different groups of cases of rheu- 
matic heart disease, and also in the eases of bacterial endocarditis. It 
is obvious that in the eases of rheumatie valvular deformity there had 
been an acute rheumatic endocarditis. It is probably fair to assume 
that, in the cases of old valve deformities in which there was no acute 
pericarditis or an adherent pericardium, there had never been an acute 
pericarditis, for the type of pericarditis which is associated with acute 
rheumatie fever (fibrinous, mainly) undergoes organization early in 
its course, and fibrous adhesions result. The highest incidence of peri- 


_ 
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cardial involvement, not including the group in which death was caused 
by adherent pericardium, occurred in the acute and recurrent rheu- 
matic groups, in which it was 52.5 per cent and 41.1 per cent, re- 
spectively. In the three subgroups of valvular deformities it was 12.5 
per cent, 22.2 per cent, and 14.1 per cent, respectively. Obviously, all 
of the patients in these three subgroups had passed through an acute 
stage of rheumatic endocarditis. Therefore, the incidence of pericardial] 
involvement in these groups probably represented the clinical incidence 
of pericarditis better than that in the two groups in which death oe- 
eurred during an attack of acute rheumatic endocarditis. 

The incidence of pericarditis (17.8 per cent) in the eases of bae- 
terial endocarditis was about the same as the average in the cases of 
rheumatic valvular deformities, not including the group in which 
death was caused by an adherent pericardium. Since the incidence of 
pericardial involvement in the cases of valvular deformities probably 
represents closely the actual clinical incidence of pericarditis in as- 
sociation with acute rheumatie endocarditis, and since it is nearly the 
same as the incidence of pericarditis in cases of bacterial endocarditis, 
it appears obvious that the existence of pericarditis cannot be used elin- 
ically to differentiate acute rheumatie endocarditis from bacterial endo- 
carditis. 

In not all of the cases of rheumatic heart disease was there evidence 
of pericarditis. The same ean be said of myocarditis. The term pan- 
carditis, although generally applicable, cannot always be used, eyen 
in autopsy eases of acute rheumatic endocarditis, and certainly less fre- 
quently clinieally in cases of rheumatie heart disease. 

The coronary arteries—The degree of atherosclerosis of the coronary 
arteries was studied with interest, for, if the coronary arteries are in- 
volved extensively in rheumatic heart disease, a causal relation between 
the infection and atherosclerosis might be suspected. The degrees of 
coronary sclerosis mentioned in the autopsy protocols were graded from 

to , as nearly as possible. Grade ++ indicated that the 
vessels were completely, or almost entirely, closed. A + degree repre- 
sented a slight amount of selerosis. The degrees and - were 
intermediate. No sclerosis was recorded as 0. 

The condition of the left and right coronary arteries, mainly the 
descending branches, was described. Table X shows the degree of 
sclerosis in the different groups of cases of rheumatie heart disease 
(acute rheumatic, recurrent rheumatic, healed valve deformities, sub- 
groups ‘‘a,’’ ‘‘b,’’ and ‘‘e,’’ and adherent pericardium, respectively ). 
Of the 796 eases, in only 601 were the coronary arteries sufficiently well 
described to be rated. In only ten of these was the sclerosis graded 


~++44, as follows: three, left 4 +, right 4 : five, left +4 , right 
one, left ++++, right +; and one, left ++, right 0. These ten 


were in the ealeified nodular group (subgroup ‘‘e’’), in whieh death 
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occurred chiefly in the upper decades, the sixth and seventh. In most 
of the cases of rheumatie heart disease the sclerosis of the coronary 
arteries was less than +++ on the left or right. This was true in all of 
the cases of acute rheumatic endocarditis, recurrent rheumatic endo- 
carditis, and adherent pericardium, and also in eighty-seven (98.9 per 
cent) of the eighty-eight cases in subgroup ‘‘a,’’ in 170 (95.5 per cent) 
of the 178 cases in subgroup ‘‘b,’’ and in 171 (86.8 per cent) of the 197 
cases of subgroup ‘‘¢’’ (valvular deformities). 

There was no suggestion of any unusual degree of coronary sclerosis 
in the different groups of cases of rheumatic heart disease. The greatest 
amount was found in subgroup ‘‘e,’’ in which death oceurred in the 
later decades. There was, therefore, no evidence to support the idea 
that rheumatic infection of the heart may increase the incidence or 
degree of coronary sclerosis. In fact, there was really less coronary 
sclerosis than in eases in which death resulted from other causes. In 
the same series of autopsies (27,957) from which the 796 eases of 
rheumatie heart disease were taken, there were 1,066 cases in which 
death was caused by coronary sclerosis (3.8 per cent). 

SUMMARY AND CONCLUSIONS 

Rheumatic heart disease, including all forms immediately or indirectly 
caused by rheumatic infection, was a common, but not the most frequent, 
type of heart disease encountered in our study of 4,254 eases in which 
death resulted from noneongenital heart disease (796 cases, 18.7 per 
cent). Rheumatie heart disease was responsible for less than one-third 
of the cases of noninfectious heart disease (hypertensive heart disease, 
coronary sclerosis, and the various types of cor pulmonale), and its 
incidence was the same as that of bacterial endocarditis and cardiac 
failure secondary to syphilitic aortitis, combined. 

There are four types of rheumatie heart disease, in two of which 
(acute rheumatie endocarditis and reeurrent rheumatie endocarditis) 
the characteristic verrueous or rheumatie vegetations occur on the 
valves. In the second of these there are evidences of previous infection 
and searring of the valves. These two types were not commonly en- 
countered at autopsy (12.3 per cent and 9.5 per cent, respectively). The 
third variety, comprising cases of valvular deformities, caused the 
ereatest number of deaths (73.5 per cent). In some of these cases the 
lesions were completely healed, and some showed signs of lingering in- 
fection. The calcified, nodular, aortie valve deformity, which is re- 
garded by some as nonrheumatic, is, in our opinion, a rheumatic lesion. 
It comprised 40 per cent of all of the valve deformities. If it were 
not included among the rheumatie lesions, we would have to conelude 
that rheumatie infection of the aortic valve is uncommon. There were 
only a few eases in the fourth group, that in which it could be proved 
definitely that death had been eaused by an adherent pericardium. 
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Death from acute and recurrent rheumatic endocarditis occurred 
chiefly in the early decades. Death from the incompletely or completely 
healed valvular deformities took place primarily in the middle decades, 
and, from the ealeifie, nodular, aortie valve deformity, in the later 
decades. 

The sex incidence in this series was as follows: males, twenty-seven 
per thousand; females, thirty-one per thousand. The females died 
earlier than the males. This is probably because the valve which is most 
commonly involved in females is the mitral. Males and females with 
the same valve lesions die in the same decades. With a mitral deformity, 
compensation cannot be maintained as long in either sex as with an 
aortic valve lesion. 

Little evidence for or against any of the theories concerning the 
nature of the infectious agent in rheumatie heart disease was discovered 
in this study. The type of inflammatory reaction within the valve 
was very similar to that which occurs in eases of frank, streptococcic, 
subacute bacterial endocarditis. This might be regarded as evidence 
in favor of the streptococcic theory of the etiology of rheumatic fever. 
The fact that the inflammatory reaction is a proliferative one does not 
definitely support the virus theory. It is even questionable whether 
the Aschoff nodule, which varies so decidedly in structure, and is by 
no means constantly present in cases of rheumatic heart disease, is 
sufficiently characteristic to justify the suspicion that it is caused by 
a specific infectious agent. 

The valves of the left side of the heart are the ones which are chiefly 
involved (99.8 per cent). In 5.6 per cent of the cases there was right- 
sided involvement, but in all but one of these there was also a lesion of 
one or both of the valves of the left side of the heart. 

The aortic and mitral valves were involved with equal frequency 
in the males. The incidence of involvement of the aortic alone, the 
mitral alone, and the aortic and mitral together, in the males, and of the 
aortie and mitral together, in the females, was about the same. Among 
the females, aortic involvement was less common than mitral involve- 
ment. The predilection for the mitral valve in females is not under- 
stood, but it helps to explain why the ealeified, nodular, aortic de- 
formity is common in old men. 

Vegetations begin on the side of the valve where the spongiosa laver, 
which contains most of the blood vessels, is located, namely, on the 
the aortic and pulmonic cusps, and on the 


ventricular surfaces of 
This suggests 


auricular surfaces of the mitral and tricuspid valves. 
that the infection may be embolie in origin, but, in some cases, small 
vessels can be seen leading from surface indentations, which would 
indicate that infection may oceur directly from the blood stream. 
Valves which are thickened and searred from repeated attacks of 
proliferative inflammation show a marked tendeney to become calcified. 
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A calcified aortic valve has the same structure as a calcified mitral 
valve. Our study disclosed nothing to indicate that the calcified nodular 
aortic valve deformity differs etiologically and pathogenetically from 
the calcified mitral valve. 

Auricular endocardial involvement was practically as common in 
cases of acute rheumatic endocarditis as in bacterial endocarditis. 

Hypertrophy, which appears to be caused by increased work, was 
present in most of the cases; it was most marked when there was 
aortic involvement, and less pronounced when there were mitral lesions 
only. More hypertrophy was noted among the males, apparently be- 
cause aortic lesions are more ¢ommon among males than females. 

Gress areas of fibrosis were rarely seen in cases of rheumatic heart 
disease, and, with a few exceptions, the coronary arteries were rela- 
tively free from severe sclerosis. There was no indication that rheu- 
matic infection bears any causal relation to coronary sclerosis. 

Pericarditis, either acute or in the form of adherent pericardium, 
was not a constant accompaniment of acute or recurrent rheumatic 
endocarditis. It was no more common than in subacute bacterial endo- 
‘carditis. The presence of pericarditis cannot be used clinically in the 
differential diagnosis of acute rheumatic and subacute bacterial endo- 
carditis. Death rarely resulted from the effects of an adherent peri- 
‘ardium alone. 

Proliferative inflammation, of a nodular (Aschoff nodules) or diffuse 
type, was usually present. It may result in periarterial searring. 
Such inflammation, although common, was not always present in eases 
of acute or healed rheumatic heart disease, but it was more common 
during the acute stage. The stigmata of rheumatic inflammation were 
practically as common in the valve and myocardium in the eases of 
calcified, nodular, aortie valve deformities as in the cases of mitral 
valve deformities. 

Several important facts which might be of value clinically in the 
study of rheumatic heart disease emerge from the analysis of these 
796 cases. Rheumatic heart disease causes slightly less than 20 per 
cent of all deaths from noncongenital eardiae disease, which is nearly 
twice the number caused by bacterial endocarditis, and nearly three 
times as many as result from heart disease secondary to syphilitic 
aortitis. As a rule, patients with acute rheumatie endocarditis die, 
not during an aeute attack, but later, from the effeets of valvular 
stenosis and insufficiency. Rheumatic heart disease affects males and 
females in about equal numbers. The males tend to live longer than 
the females. The aortic and mitral valves are involved with equal 
frequency in males, but mitral valve involvement greatly predominates 
in females. This means that the incidence of aortie valve lesions is 
higher in males than in females, and that that of mitral lesions is 
higher in females than in males. Both males and females survive 
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longer with an aortic lesion than with a mitral. All nonsyphilitic 
aortie valvular deformities which lead to cardiac failure appear to be 
rheumatie in origin. Tricuspid and pulmonie lesions, especially healed 
deformities, rarely occur without an associated aortic or mitral lesion. 
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THE DIAGNOSIS OF CORONARY OCCLUSION AND MYO- 
CARDIAL INFARCTION BY FLUOROSCOPIC 
EXAMINATION 


ArtHur M. Master, M.D., RicHarp GuBNER, M.D., Dacx, M.D.., 
AND Harry L. Jarre, M.D. 
New York, N. Y. 


LTHOUGH it is accepted that roentgenologie examination is a valu- 
A able and often indispensable adjunct in the diagnosis of certain 
types of heart disease, it has received comparatively secant attention in 
connection with disease of the coronary arteries, particularly coronary 
occlusion. As recently as 1934, it was remarked! that ‘‘roentgen studies 
have not been of any assistance in localizing, or, in fact, reeognizing 
eardiae infarets.’’ Although the clinical manifestations of coronary 
occlusion are, as a rule, characteristic, the diagnosis is occasionally un- 
certain, and it is frequently difficult to evaluate the extent of myocardial 
involvement after recovery from the acute attack. Ordinary roent- 
genologic examination is of little help, for myocardial infarction, even 
when it is extensive, does not alter the cardiac contour unless marked en- 
largement or a ventricular aneurysm has resulted. However, roent- 
genologie methods whieh enable one to wateh ventricular contraction 
offer greater promise, and it is the object of this report to show that im- 
paired contraction of the left ventricle can be detected by simple 
fluoroscopic examination in a majority of cases of occlusion of a coro- 
nary artery. 

That coronary occlusion produced changes in myocardial contraction 
was recognized experimentally as early as 1698, by Chirae,? and by a 
number of investigators** in the nineteenth century. However, a de- 
tailed description of these changes was lacking previous to the recent 
investigation of Tennant and Wiggers. Employing the myocardio- 
graph, they found that, immediately after occluding branches of the 
coronary arteries, in dogs, the area of muscle which was rendered 
ischemie ceased to contract, and paradoxical (reverse) movements oc- 
curred, i.e., the ischemic area bulged passively while the remainder of 
the ventricle contracted normally. 

In man, the movements of the heart can be studied by means of 
fluoroscopy or roentgenkymography. There have been few recorded 
fluoroscopic observations of the effect of coronary artery occlusion on 
the contractile movements of the heart, except when the infarct has 
been extensive enough to result in the formation of a ventricular aneu- 
rysm. Impaired pulsation and systolic expansion have frequently been 
recognized fluoroscopically in such eases.°-? Libman'® and Levene and 
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his ecoworkers'* observed localized impairment of contraction of the left 
ventricle in eases of coronary artery disease, but did not deseribe the 
systolic expansion (reversal of pulsation) which we found in fifty 
per cent of our cases of coronary occlusion,'® '® and which we consider 
pathognomonic of infarction. The senior author' has used fluoroscopic 
means of detecting coronary occlusion routinely for at least five years. 
Roentgenkymographie studies, also, have indicated that systolic ex- 
pansion of the infareted area characteristically oeeurs.1* 18 


MATERIAL STUDIED 

A fluoroscopic and roentgenkymographie study of ninety-five patients was made; 
this series comprised eighty cases of coronary occlusion and fifteen cases of coronary 
sclerosis and angina pectoris. The roentgenkymograms were taken immediately after 
the fluoroscopic examination. For control purposes, a large number of normal sub- 
jects were examined fluoroscopically, and, in thirty-five of these, roentgenkymograms 
The patients with coronary occlusion were studied at intervals rang- 
In twenty-four subjects 


were obtained. 
ing from one month to six years after the acute attack. 
with normal hearts or with cardiae infarcts, cineroentgenographie studies were 
made. 
TECHNIQUE 
A Patterson B-type fluoroscopic screen was employed, with the usual illumination 


for fluoroscopy (70-80 K.V. and 4 to 5 Ma.). Proper accommodation was found to 


be essential for study of the cardiac movements. After inspection of the size, shape, 
and position of the heart and great vessels, the size of the fluoroscopic sereen was 
reduced so that it included only the left border of the heart. The time relationship of 
the pulsations was established by comparing the movements of the left ventricle with 
those of the aorta and pulmonary artery. Normally, the arterial pulsations are 
opposite in phase to those of the ventricle; the aorta expands while the ventricle 
contracts, and there is an inthrust of the entire left ventricular border, together with 
elevation of the apex and diaphragmatie surface of the heart (Fig. 14). The 
media] movement of the upper part of the left ventricular border may slightly 
precede the inthrust of the apical region. Following examination in the postero- 
anterior position, the subject was rotated by degrees into the left oblique position, 
and the movements of the lateral and posterior walls of the left ventricle were 
studied successively, 

The contractile movements of the heart were observed at the end of a moderately 
deep inspiration. In addition to immobilizing the diaphragm, this procedure slows 
the heart rate, and thus facilitates the examination, for a rapid heart rate makes 
it difficult to visualize the ventricular movements in detail. The patient was in- 
structed not to strain, for this, by increasing intrathoracie pressure, may decrease 
the venous return to the heart and thereby reduce ventricular ejection and pulsation. 

Several maneuvers may be employed when the details of the cardiac movements 
are not very clear. It is occasionally helpful to magnify the movements by drawing 
the screen away from the patient, particularly when the pulsations are of small 
amplitude. The presence of apical pericardial fat may obscure contraction and give 
the impression of diminution or absence of pulsation; one must therefore look with- 
in the fat pad to observe the ventricular movements. Since the study of ventricular 
pulsation is concerned even more with uniformity of contraction along the left ven- 
tricular border than with the amplitude of contraction, orientation as to time of 
contraction is of utmost importance. This may be attained by auscultation; a 
Bowles diaphragm is held to the patient’s chest in the fourth intercostal space. 
Normally, the inthrust of the ventricle is synchronous with the first heart sound. 
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When the heart rate is rapid, temporary slowing may be induced by pressure on the 
carotid sinus; this increases the magnitude of ventricular contraction and facilitates 
the examination. 

The roentgenkymograms were obtained with a multiple-slit lead grid of the type 
described by Stumpf.19 The slits were 12 mm., and, in some cases, 18 mm., apart, 
thereby visualizing the pulsations of points at closely spaced intervals along the 
heart border. The duration of exposure was 1.5 seconds, so that one to three 
complete cardiae cycles were recorded, depending on the heart rate. Exposures 
were taken in the posteroanterior and left oblique (about 25°) positions. 

Motion pictures (Fig. 2) were made with a standard camera which had a film 
speed of 16 exposures per second. Intense illumination of the fluoroscopic screen was 
necessary for good photographic contrast. The roentgen factors were 75 Ma. at 
100 K.V. for an exposure of two to three seconds. The film was serially reprinted 
for motion picture projection, which permitted a longer strip to be studied. 


RESULTS 
Coronary Occlusion.—Loealized abnormalities in pulsation were ob- 
served fluoroscopically in fifty-nine (73 per cent) of the eighty eases of 
myocardial infarction. These consisted of complete or partial reversal 
of contraction in forty cases (50 per cent), and absence or diminution 
of pulsation in nineteen (23 per cent) (Table I). 
TABLE I 


TYPES OF VENTRICULAR CONTRACTION IN EIGHTY CASES OF CARDIAC INFARCTION 


ROENTGEN KY MO- 
FLUOROSCOPICALLY at 
GRAPHICALLY 


1, Normal 21 16 
2. Reversal of Pulsation 40 42 
a) complete 29 25 
b) partial 11 17 
lag 8 7 
doubling 3 10 
3. Impaired Pulsation 19 22 
a) absent 2 7 
b) diminished 17 15 
Total 80 80 


Reversal of pulsation was the most common and definite abnormality 
in ventricular contraction associated with myocardial infarction. It was 
recognized by a loss of uniformity of contraction along the left ventricu- 
lar border; as the normal portion of the ventricle contracted synchro- 
nously with the expansion of the great vessels during systole, the weak- 
ened myocardium at the site of the infaret was seen to expand passively 
as a result of the sudden rise in intraventricular tension (Figs. 1C and 
2}. This abnormality frequently appeared as a wavelike movement 
along the border of the left ventricle (Fig. 1C). Similar observations 
were made in three eases of ventricular aneurysm. In twenty-nine cases 
the reversal of pulsation was complete; in eleven others it was ineom- 
plete, and appeared only as a localized lag of systolic inthrust, or as a 
double systolic pulsation. Localized diminution or complete absence of 
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pulsation was also frequently observed (Fig. 1B), but these changes 
were less definite and significant than the systolic expansion. 


Fig. 2.—Continuous strip from cineroentgenograms in a case of cardiac infarction. 
Frames 1, 2, and 8 represent the heart in diastole. During systole, shown in frames 
4 and 5, there is a localized bulge of the left ventricular border above the apex 
which results from passive expansion of the infarcted area by the heightened intra- 
ventricular pressure. With the end of systole (frame 6), as the intraventricular 
pressure abruptly falls, reducing the tension on the infarcted area, the left border 
again resumes an unbroken contour. 
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The abnormalities in contraction were most common over the lower 
left ventricular border, particularly in the apical and supra-apical re- 
In a few cases the changes were limited to the mid- 


gions (Fig. 3). 
The abnormal- 


region and upper section of the left ventricular border. 
ities were observed more frequently and with greater certainty in the 
posteroanterior than in the left oblique view; rarely, they were limited 
to the latter view. Thus, of the fifty-nine cases in which there was an 
abnormal pulsation, it was seen in the posteroanterior view alone in 
thirty-eight cases, in both posteroanterior and left oblique views in 
eighteen cases, and in the left oblique view alone in only three eases. 


MINIS 


Fig. 3.—Location of abnormal pulsations fluoroscopically, a, Upper region of 
left ventricular border (4 cases); b, Supra-apical segment of left ventricle (17 cases); 
c, Apex of left ventricle (13 cases); d, Lower half of left ventricular border (25 cases). 

Similar abnormalities in left ventricular pulsation were revealed by 
kymographie examination (Fig. 4). Comparison of the fluoroscopic 
and roentgenkymographic observations in the posteroanterior position 
showed complete agreement between the two methods in sixty-seven of 
the eighty cases. In five cases, definite abnormalities were present in 
the kvymogram which were not detected fluoroscopically. In only one 
“ase was the kymogram normal when the fluoroscopic findings were con- 
sidered abnormal; however, in this instance the pulsation was merely 
diminished, not reversed. In the remaining seven eases both the fluoro- 
scopic and kymographie examinations revealed an abnormal pulsation, 
but there was some discrepancy in the interpretation of the type of ab- 
normality. For example, in several cases what was interpreted fluoro- 
scopically as absence of pulsation appeared in the kymogram as re- 
versal; in another instance, what seemed to be a lag fluoroscopically 
turned out to be a reversal in the kymogram. In the left oblique posi- 
tion fluoroscopic examination was somewhat less satisfactory, and in 
nine cases abnormalities which were recorded in the kymogram were not 
detected with the fluoroscope. In general, it is evident that the results 
of the two methods agreed well in all of their essentials. When the 
fluoroscopic results were not confirmed by the kymograph, the error 
was usually one of omission rather than commission, 
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An attempt was made to correlate the fluoroscopic observations with 
the electrocardiographie localization of the infarct (Table I1). Electro- 
cardiographieally, the cases were divided into four groups: 
wall infarction, thirty-eight cases; posterior wall infarction, sixteen; 
anterior and posterior wall infarction, thirteen; and atypical pattern, 
thirteen. Of the thirty-eight cases of anterior wall infarction, in twenty- 
two there was an abnormal ventricular contraction which was observed 


anterior 


in the posteroanterior position in every instance, and also in the left 
oblique view in four of the cases. When there was infarction of the 
posterior wall, or of both anterior and posterior walls, the abnormal 
pulsation was seen in the left oblique position, as well as in the postero- 
anterior, in almost half of the eases. Although these observations sug- 
gest that abnormal contraction is frequently observed in the left oblique 
view when the infarct is situated on the posterior wall of the left ven- 
tricle, it should be emphasized that only rarely is the abnormality con- 


fined to this view, e.g., in only three of our cases. 


B. 
Fig. 4.—A, Roentgenkymogram from a patient with an old infarct of the anterior 
of abnormalities in left 


the left ventricle, exhibiting the various types 
contraction. B, Magnification of movements of left ventricular border. 

There is an inward (mesial) move- 
(lateral) 


surface of 
ventricular 
Segment &8.—Normal ventricular contractions. 
ment of the upper portion of the left ventricle synchronous with outward 
movement of the aorta (segments / and 2). 
Segment 9.—Partial reversal of pulsation. The left ventricular border contracts 
in early systole, but immediately thereafter shows a lateral movement (systolic 
expansion). This appears fluoroscopically as a double systolic pulsation. 
Segment /¢.—Complete reversal of pulsation. The mid-ventricular border 
a systolic expansion (lateral movement) which is synchronous with the 
mesial movement of segment 8 and with the expansion of the aorta. 
Segment 1/.—Complete absence of pulsation of left ventricular border in the 


apical region. 


shows 
normal 


Coronary Sclerosis.—F luoroscopie studies were made on fifteen pa- 
tients who had either a history of angina pectoris or electrocardiograms 
which suggested coronary artery disease, but gave no history of acute 


coronary occlusion. In ten eases the ventricular contractions were en- 
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TABLE ITI 


COMPARISON OF ELECTROCARDIOGRAPHIC AND FLUVOROSCOPIC LOCALIZATION OF 


INFARCTION 


ELECTROCARDIOGRAPHIC LOCALIZATION 


ANTERIOR POSTERIOR ANTERIOR AND ATYPICAL 
WALL WALL POSTERIOR PATTERN 
F* K* F K F K F K 

Location of Abnormal 

Pulsation 

Normal 16 11 3 2 1 2 | 1 
Posteroanterior View 22 27 11 11 12 11 11 11 
a) upper left vent. border 1 0 0 
b) supra-apical segment 8 7 o 4 2 1 4 4 
apex 4 6 3 1 2 2 3 
d) lower half left vent. 10 13 4 5 5 7 5 4 
Left Oblique View 4 4 i 7 9 5 7 
a) upper left vent. 0 0 2 4 2 2 0 ] 
b) lower left vent. 4 4 z 3 6 ‘] 5 } 


*F is fluoroscopy; K is kymography. 


tirely normal fluoroscopically and in the kymograms. In two eases 
equivocal changes were observed by both methods. Of the remaining 
three cases, absence and partial reversal of pulsation were seen fluoro- 
seepically in two, and were present in the kymogram in all. Although 
these patients had practically normal electrocardiograms, in each case 
a severe anginal syndrome was present, and it is probable that extensive 
myocardial disease accounted for the partial reversal. 

Normal Subjects ——No abnormal pulsations were observed in the large 
control group of normal subjects who were examined fluoroscopically, 
and roentgenograms in thirty-five of these subjects were normal. 


COMMENT 

It is evident from these results that fluoroscopic examination affords 
a relatively simple and accurate method of detecting the presence of a 
myocardial infaret. Abnormalities in ventricular contraction may be 
observed in nearly three-fourths of the cases of coronary artery oe- 
clusion; they appear as a localized reversal (systolic expansion) in half 
of the cases, and as absence or diminution of pulsation in about one- 
fourth. The former has greater significance than the latter and may be 
considered pathognomonic of myocardial infarction. The reversal of 
pulsation is probably caused by a bulging of the weakened, infarcted 
area; this area is thrust outward by the systolic rise of intraventricu- 
lar pressure, while the remainder of the ventricle contracts forcibly. 
The reversal may not be complete; it then appears as a localized lag 
of systolic contraction, or as a double systolic pulsation. Since, in 
normal persons, the inthrust of the upper left ventricular border slightly 
precedes that of the apex,*’ a slight lag of the supra-apical region must 
be interpreted with caution. Localized diminution or absence of pulsa- 
tion must be regarded as abnormal, but not pathognomonic of infare- 
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tion, and should not be confused with a normal apical pulsation which 
is obscured by a pericardial fat pad. 

Although we think that reversal of pulsation is pathognomonic of 
myocardial infaretion, we have observed it in a small number of cases of 
aortic valvular disease and long-standing hypertensive heart disease 
in which there was considerable cardiac enlargement. These abnor- 
malities occurred chiefly when cardiac insufficiency and precordial pain 
were present, so that, although they were probably not indicative of 
actual infarction, it is likely that they were caused by myocardial dis- 
ease. Ii is possible that there was an aneurysmal thinning of the myo- 
eardium in the apical region in these cases. Esser?’ noted impairment 
of apical contraction in cases of cardiac enlargement of all types. 

Among the cases of myocardial infarction, the apical and supra-apical 
regions of the left border, that is, the anterior wall of the left ventricle, 
most frequently exhibited abnormal pulsation when either the anterior 
or the posterior wall was involved. Fluoroscopie examination, there- 
fore, is not decisive in localizing the area of infarction, and it appears 
that the area of abnormal contraction does not always correspond to 
the area of infarction. The probable explanation for this is that dam- 
age at any point to the deep and superficial spiral muscles, which wind 
around the apical region of the left ventricle, may alter the leverage in 
contraction in such a way as to produce an abnormal type of pulsation 
at the apex. However, abnormal contractions in the left oblique posi- 
tion, as well as in the posteroanterior view, are more likely to oceur with 
infarction of the posterior wall than with anterior wall infarction. 

Our studies indicate that the results obtained fluoroscopically closely 
parallel those of roentgenkymography. In the few cases in which these 
methods disagreed, an abnormal pulsation was present in the kvmogram 
but was not detected fluoroseopically. Although roentgenkymography 
has the advantage of being an objective method, it requires special ap- 
paratus and some experience in interpretation. Fluoroscopie examina- 
tion, on the other hand, is a simple method which is available to all who 
are engaged in clinical medicine. Furthermore, it enables one to study 
the movement of the entire left ventricular border by gradually rotating 
the patient and making observations at different angles, whereas in the 
kymogram the movements of only one projection, or at most a few, 
are recorded. Thus, in one ease, reversal of pulsation was detected 
fluoroscopically over the lower left ventricular border with the patient 
rotated in the left oblique position to an angle of 15° to 20°, but was 
not observed in other views, and roentgenkymograms which had been 
taken in the posteroanterior and full left oblique positions failed to re- 
veal this abnormality. When a kymogram was taken at the proper 
angle, the reversal of pulsation was clearly recorded. Similarly, an 
aneurysm of the apex of the left ventricle was brought out fluoro- 
seopieally by rotating the subject slightly into the right oblique position. 
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The ideal procedure would be to make a fluoroscopic examination first, 
and then take roentgenkymograms at those projections in which ab- 
normal pulsations of the left ventricular border are suspected. 
Although contraction becomes impaired immediately following myo- 
cardial infarction, fluoroscopic examination is not likely to find wide ap- 
plication in the acute stage of coronary occlusion, for the patients are 
usually too ill for such examination. Occasionally, however, it may be 
helpful when the diagnosis is difficult, as in cases of progressively in- 
creasing angina pectoris, or when there are mild, atypical attacks. <A 
problem of greater importance is to evaluate the extent of myocardial 
involvement immediately following recovery from an acute attack of 
coronary occlusion, and to detect the presence of infarction in patients 
who give a past history of such an attack, or of angina pectoris. <A\l- 
though the eleectroecardiogram is helpful in these cases, it is often inade- 
quate, and further diagnostic aids, such as fluoroscopy, are welcome. 


SUMMARY AND CONCLUSIONS 


Fluoroscopie examination in a group of eighty patients with cardiac 
infarcts secondary to coronary artery occlusion revealed abnormalities 
in the contraction of the left ventricle in fifty-nine cases, or 73 per cent. 
This was evident as a localized impairment of pulsation along the left 
ventricular border which was best observed in the ordinary posterior 
anterior view, and most often in the apieal, and particularly the supra- 
apical, region. 

The abnormalities consisted of (a) complete reversal of pulsation 
(systolic expansion) (twenty-nine cases); (b) partial reversal, which 
appeared as a lag, or doubling, of systolic contraction (eleven cases) ; 
(c) absence of pulsation (2 eases); and (d) marked localized diminu- 
tion of pulsation (seventeen cases). 

An abnormal pulsation was seen in two out of fifteen cases of coronary 
sclerosis and angina pectoris in which there was no history of coronary 
occlusion. These abnormalities were not observed in any of a large 
group of subjects without heart disease who were examined as controls. 

The fluoroscopic abnormalities corresponded closely with those ob- 
served in the roentgenkymograms which were taken immediately after 
the fluoroscopic examination in all cases. Cineroentgenograms, which 
were taken in twenty-four cases, also demonstrated the different types 
of abnormal pulsations. 

A localized reversal of pulsation (systolic expansion) is considered 
pathognomonic of infarction when the heart is not considerably en- 
larged. When the heart is enlarged, the pulsations may be impaired 
near the apex in the absence of cardiac infaretion, but even in such cases 
complete systolic expansion is only rarely observed. 

It is econeluded that fluoroscopie examination is a valuable and re- 
liable method for detecting cardiae infaretion following coronary artery 
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occlusion. The method is not advocated for use during the first days of 
the illness, but rather to help evaluate the degree of myocardial involve- 
ment after recovery from the acute attack. Since the changes in con- 


traction may be permanent, fluoroscopic examination may be the means 


of 


obtaining evidence of previous infarction in patients with angina 


pectoris, or in any patient whose history suggests that he has had an 


attack of coronary artery occlusion. 


18. 


19. 


. Tennant, R., and Wiggers, C. J.: 


. Heim de Balsae, R.: 


. Gubner, 


REFERENCES 


Hodges, F. J., Discussion of paper by Steel, D.: The Roentgen Diagnosis of 
Cardiac Aneurysms, J. A. M. A. 102: 452, 1954. 


. Chirac, P.: De Motu Cordis, Adversaria Analytica, 1698, p. 121, cited by See, 


Sochefontaine, and Roussy. Compt. Rend. Acad. d. Se. 92: 86, 1881. 
Erichsen, J.: On the Influence of the Coronary Circulation on the Action of 
the Heart, London Med. Gaz. 2: 561, 1842. 


. Samuelson, B.: ther den Einfluss der Coronar-Arterien-Verschliessung auf 


die Herzaktion, Zeitschr. f. klin. Med. 2: 12, 1881. 
Panum, P. L.: Experimentelle Beitriige zur Lehre von der Embolie, Virchows 
Archiv. 25: 308, 1862. 
Von Bezold, A., and Breymann, E.: Von den Veriinderungen des Herzschlages 
Verschliessung der Coronarterien, Untersuchungen a.d. Physiol. Lab. 
256, 1867. 


nach 
zu Wuerzburg. 1: 


. Cohnheim, J., and von Schulthess-Rechberg, A.: Uber die Folgen der Kranz- 


arterienverschliessung fiir das Herz, Virchows Archiv. f. Path, Anat. 85: 


508, 1881. 
The Effect of Coronary Occlusion on Myo- 


cardial Contraction, Am. J. Physiol. 112: 351, 1935. 


. Sezary, A., and Alibert, J.: | Aneurisme parietal du Coeur, Bull. et mém. Soe. 


méd. d. hop. de Paris 46: 172, 1922. 

Lenk, R.: Roentgendiagnose der Koronarsklerose in Vivo, Fortschr. a. d. Geb. 
d. Roentgenstrahlen. 35: 1265, 1926. 

Kalisch, Z.: Uber einen radioskopisch diagnostizierten und autopisch be- 
stiitigten Fall von partiellem Herzaneurysma, Wien. klin. Welhnschr. 40: 
1078, 1927. 

L’Anéurisme Pariétal du Coeur, Lecons de Cardiologie 
faites & 1’HOpital Broussais par C. Laubry, 2nd series, 1938. 

Libman, E.: <Affeections of the Coronary Arteries, Trans. Inter-State Post. 
Grad. Med. Assoc. of N. America, p. 405 (Oct. 28), 19382. 

Levene, G., Lowman, R. M., and Wissing, E. G.: The Roentgenologiec and 
Klectreecardiographie Diagnosis of Coronary Disease, AM. HEART J. 16: 
33, 1939. 

Master, A. M., Gubner, R., Dack, S., and Jaffe, H. L.: Form of Ventricular 
Contraction in Cardiae Infaretion; Fluoroscopie Studies, Proce. Soe. Exper. 
Biol. & Med. 41: 89, 1959. 

Master, A. M.: Fluoroscopie Diagnosis of Myoeardial Infarction Following 
Coronary Occlusion, J. Mt. Sinai Hosp. 6: 18, 1939. 

R., and Crawford, J. H.: Roentgenkymographie Studies of Myo- 
cardial Infarction, (a) AM. HEART J. 18: 8, 1989; (b) J. Clinical Investiga- 
tion 17: 507, 1938. 

Sussman, M., Dack, 8., and Master, A. M.: The Roentgenkymogram in Myo- 
eardial Infaretion, AM. HeEArT J. 19: 453, 1940. 

Stumpf, P.: Roentgenkymographische Bewegungslehre innerer Organe, Leip- 
zig, 1936, G. Thieme. 

Roesler, H.: Clinical Roentgenology of the Cardio-Vascular System, Spring- 
field, Lll., 1937, C. C. Thomas. 

Esser, C.: Uber das kymographische Verhalten der Herzpitze bei ausgesproch- 
ener Dilatation, Fortschr. a. d. Geb. d. Roentgenstrahlen, 52: 213, 1935, 


6. 
7 
10. 
12 
13. 
14. 
15. 
16. 
17 
|__| 
|_| 
20. 


THE EFFECTS OF WHOLE BILE AND BILE SALTS ON THE 
INNERVATED AND THE DENERVATED HEART 


KHALIL G. M.D.,* Hrram E. Essex, anp 
FRANK C. Mann, M.D.f 
ROCHESTER, MINN. 


HE effect of whole bile and bile salts on the perfused heart was 

reported recently by the authors.' The results obtained indicated 
that there is a direct action of these agents on the myocardium. How- 
ever, since the slowing of the‘ heart of the intact animal and other 
changes in rhythm which are produced by bile constituents have been 
attributed, by some authors, to vagal reflexes, it seemed desirable to 
compare the effect of the administration of whole bile and of bile salts 
on the innervated and the denervated heart in otherwise intact animals. 
In this paper we are reporting the results of a study of the blood pres- 
sure, heart rate, and electrocardiographic changes after the intravenous 
administration of whole bile and bile salts to dogs with innervated hearts 
and to others with denervated hearts. In order to eliminate the in- 
fluence of anesthetic agents, a few experiments also were performed on 
trained dogs. 

Still? found that neither the administration of atropine nor double 
vagotomy materially changed the effeet on the vascular system of ad- 
ministering bile constituents intravenously to dogs. Baltaceano and 
Vasiliu® indicated that the hypotensive effect of sodium taurocholate 
was produced through the reflexogenic zones of the carotid sinus and 
the eardio-aortic region. Nevertheless, they stated that bradyeardia 
could be produced by direct action of sodium taurocholate on the myo- 
eardium, as well as reflexly through the carotid sinus. Buechbinder* 
produced obstructive jaundice in pups by ligating the common bile 
duct, and attributed the resulting bradyeardia to a reflex through 
the vagus. He stated that inversion of the T wave was the most 
frequent abnormality which appeared in the electrocardiogram. Ile 
did not detect any prolongation of either the P-R interval or the QRS 
complex. Horrall’ stated that Réhrig cut the vagi, and that Landois 
was the first to give bile intravenously following section of the vagi 
and sympathetic nerves. Réhrig® found that the intravenous injection 
of bile caused slowing of the heart before, as well as after, cutting the 
vagi. Ilowever, the slowing was slight after the vagi were cut. He 
concluded that the bile damaged the excitomotor ganglion of the 
heart. Landois*’ produced slowing of the heart by the intravenous 
administration of bile after having sectioned the vagi and sympathetic 
nerves, and concluded that the bile acted directly on the heart. 

*Fellow in Physiology, The Mayo Foundation, 


+Division of Experimental Medicine, The Mayo Foundation, Rochester, 
Received for publication February 15, 1940. 
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METHODS 

Two series of acute experiments were performed on apparently normal dogs, which 
weighed from 10 to 18 kg. The animals were anesthetized by the intravenous ad- 
ministration of 25 mg. of pentobarbital sodium (nembutal) per kilogram of body 
weight. All of the procedures were the same in the two series of acute experiments, 
except that in one group of animals bilateral denervation of the heart was done, 
according to the method of Cannon, Lewis, and Britton,’ immediately after anes- 
thesia had been induced. After the operation was completed, the animals breathed 
without aid. 

The femoral artery was cannulated, and the blood pressure was recorded by a 
standard mercury manometer and kymograph, <A sufficient quantity of bile for all of 
the experiments was collected, with aseptic technique, from the gallbladders of dogs, 
and filtered through sterile gauze into a sterile flask. Five per cent solutions of each 
of the bile salts, sodium taurocholate and sodium glycocholate, were made in Ringer’s 
solution. The bile and the solutions of bile salts were given intravenously in appro- 
priate doses. The blood pressure was recorded continuously, and electrocardiograms 
were taken before, during, and after each injection throughout each experiment. 

At the end of each experiment, pieces of cardiac tissue were removed and fixed 
in formalin for histologic study. 

In order to obtain a series of observations which could not have been influenced 
by anesthesia, operative trauma, or an accumulative effect of repeated doses of 
bile, similar experiments were performed on a group of trained dogs over a period of 
several weeks. To make it possible to measure the blood pressure in the carotid 
artery repeatedly, over long periods, animals were prepared in the following manner: 
Aseptically, under ether anesthesia, both carotid arteries were separated carefully 
from the carotid sheaths for a distance of about 5 em. The muscles surrounding 
each carotid sheath were sewed together dorsad to the vessels in such a way that the 
arteries lay superficially under the skin, making their pulsations easily palpable. 
The dogs made an uneventful recovery, and, after training, would lie quietly on the 
table. Records of both systolic and diastolie blood pressures were obtained by the 
method of Hamilton, Brewer, and Brotman,® and electrocardiograms were taken 
simultaneously before, during, and after the injection of bile into the lateral saphe- 
nous vein. 

In order to observe the effects of the injection of bile on the denervated heart of 
the trained animal, the heart of one animal was denervated several weeks before the 
subcutaneous transposition of the carotid arteries. After the dog had recovered 
completely from both operations, it was trained to lie quietly on the table during 
the simultaneous recording of the lLlood pressure and eiectrocardiogram before, 
during, and after each injection of bile. 

RESULTS 

A prompt decrease in blood pressure followed every effective dose of 
bile or bile salts in the acute experiments. With repeated doses, the blood 
pressure was gradually reduced below the effective physiologic leve’. 
The gradual decrease in blood pressure which resulted from the sueces- 
sive doses of bile or bile salts was practically the same in dogs with 
denervated hearts as in those with innervated hearts (Table I). The 
only noticeable difference was that in dogs with innervated hearts the 
blood pressure after injection usually tended to return to its previous 
level, whereas in the ones with denervated hearts it did not. 

The results of the experiments on the trained dcg were similar. When 


repeated doses of whole bile, ranging from 0.25 ¢.¢. to 1.0 ¢.¢. per kilo- 
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gram of body weight, were given intravenously, over a period of several 
days, no marked decrease in blood pressure resulted until a dose of 1 
¢.¢. per kilogram of body weight was given (Fig. 1). The rate of both 
the denervated and the innervated heart slowed markedly under the 
influence of the large doses of bile, in spite of the fact that a slight, 
Different types 
of In 
several experiments cardiae standstill was observed for several seconds, 
dose of the bile constituent 


transient tachyveardia followed the initial, small doses. 
eardiae irregularities were recorded in the electroeardiograms. 


soon atter the administration of a large 


(Fig. 2). 
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Fis. 1.—Systolic and diastolic blood pressures, measured by puncturing the carotid 
artery of a trained dog with an innervated heart, showing the effect of the intravenous 
administration of whole bile from a dog’s gallbladder. Observations were made at 
intervals over a period of several days. The upper border of the curve represents 
the systolic, the lower, the diastolic, and the shaded area, the pulse pressure, on 
the same dog. @ represents the control pressure, taken on three different days bef 
any bile was administered. 0b, ¢, and d represent the observations made on one day. 
e and f were taken on the same day, because, after the injection of bile in e, the 
animal went into coma, and did not wake up even in two hours after the injection. 
Then blood pressure records were taken again, and a smaller dose of bile was given; n 
few additional records were made before the animal died. @ to /) represents the 
level of the pressure record on the same day, immediately before the injection of bile. 
The arrow indicates the intravenous injection of the bile, and the subsequent num- 
and so forth, indicate blood pressure records which were taken, re- 
half-minute intervals after the injection. 
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spectively, at 


At necropsy the heart appeared flabby and dilated. Histologic exam- 


ination revealed rupture of small vessels and interstitial hemorrhages 
into the myocardium. In a few sections there was only evidence of con- 
eestion of vessels, with moderate to severe dilatation. Centrifugaliza- 
tion of specimens of blood revealed various degrees of hemolysis. 


SUMMARY 
The effects of the intravenous administration of whole bile and bile 
salts on the blood pressure and the electroeardiogram were studied 
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in a series of acute experiments, under pentobarbital sodium (nem- 
butal) anesthesia, on normal dogs and on dogs with denervated hearts; 
the same methods and technical procedures were employed in both 
cases. Similar observations were made over a period of several weeks 
on normal, trained dogs, and on one trained dog with a denervated 
heart; this permitted us to make repeated observations whieh could 
not have been influenced by anesthesia, operative trauma, or an ae- 
cumulative effect of successive injections of bile. 
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There were no detectable electrocardiographie differences between 
the effects of whole bile and bile salts on the innervated and the de- 
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TABLE I 


REPRESENTATIVE DATA OBTAINED FROM ACUTE EXPERIMENTS ON THE INNERVATED 
AND DENERVATED HEART 


BLOOD PRESSURE, MM. OF MERCURY 
DOSE PER KG. OF l INNERVATED IHLEART DENERVATED HEART 
BODY WEIGHT DENER- REFORE | AFTER BEFORE AFTER _ 
| ond EACH EACH EACH EACH 
nae ae INJECTION | INJECTION | INJECTION | INJECTION 
Control | 200 150 124 128 
“Sodium glyco- 
cholate, mg. | 
29 170 150 124 114 128 102 
37 160 150 128 102 138 106 
45 160 150 126 103 134 100 
56 180 150 120 92 126 SS 
63 170 140 115 78 110 86 
67 160 140 108 74 102 S80) 
74 140 140 104 61 90 70 
74 150 150 96 50 76 62 
74 110 120 74 8 S2 8 
74 110 110 60 rep 58 50 
74 110 100 60 34 60 $4 
82 70 90) 16 25 62 52 
85 20 SO 47 0 60 50 
92 at) 40 36 0 54 44 
Control | 130 130 148 134 
Sodium tauro- 
cholate, mg. 
29 140 150 148 3 154 132 
35 140 150 148 t 147 121 
13 140 150 152 6 143 116 
53 170 140 158 36 144 108 
61 150 130 152 138 140 108 
64 150 150 158 140 146 112 
71 160 160 163 106 154 116 
71 160 160 154 +5 160 132 
71 160 140 160 128 154 120 
71 170 150 162 22 138 104 
71 180 150 15 120 160 104 
71 170 150 152 106 151 96 
79 160 150 133 97 128 80 
82 150 140 136 76 102 66 
89 130 140 122 60 9] 333} 
89 90 120 118 49 73 19 
89 40 120 106 3 
89 10 100 50 2” 6 0) 
89 ? 60 47 »> 2) > 
Control 150 140) 150 124 
Bile, e.e. 
0.25 180 150 130 84 124 82 
0.50 160 150 136 93 156 S4 
0.70 180 150 130 88 125 78 
0.80 150 150 110 56 98 56 
1.00 100 | 140 96 50 ) be 


7 
1.00 30 SO 84 0 51 42 
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nervated heart; the irregularities and slowing of the rate of the heart 
were similar. During the period of gradual recovery from the hypo- 
tensive effect brought about by the first injections of bile constituents, 
the blood pressure of the dogs with denervated hearts usually did 
not return to its previous level, but the blood pressure of the dogs 
with innervated hearts, usually tended to do so. In both the normal 
animals and those with denervated hearts, approximately the same, 
gradual, hypotensive effect was produced by the intravenous administra- 
tion of repeated doses of whole bile or bile salts. The injections finally 
led to failure of the heart, fall of blood pressure, and death of the 


animal. 

Our observations on the innervated heart differed so slightly from 
those on the denervated hearts of otherwise intact dogs to which whole 
bile or bile salts were administered intravenously, that it appears 
justifiable to conelude that whole bile and bile salts can produce prae- 
tically the same hypotensive effect and cardiae changes, such as brady- 
cardia and disturbances in rhythm, in the absence, as well as in the 


presence, of the cardiac autonomic nerves. 
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MITRAL STENOSIS AS A CAUSE OF ANGINA PECTORIS 
Report or Two Cases, NEcRors\ 


L. Minor Biuackrorp, M.D. 
ATLANTA, GA. 


HEUMATIC aortic insufficiency has long been recognized as a cause 

of angina pectoris. There are, however, singularly few case reports 
of mitral stenosis in association with angina, and in some of these the 
anginal syndrome was attributed to independent disease. Although the 
diagnosis of mitral stenosis offers little difficulty, Gallavardin' has said 
that before one can hold that lesion responsible for the pain, it is neces 
sary to demonstrate post mortem that there was no other. 

Kourétas,? in 1924, culled from the literature only three cases of 
angina pectoris in which uncomplicated mitral stenosis was diagnosed 
at autopsy. To these must be added those of Levine* (one case), Stern- 
berg* (one case), Telia’ (one case, with microscopic studies of coronary 
arteries), and Hochrein® (one case). Cases in which no autopsy was 
done have been reported since 1923 by the following: Kourétas? (eleven 
eases from Gallavardin’s service); Montes-Pareja® (one case); Castex 
and Beretervide*® (four cases); Liesch® (two eases); Hochrein® (two 
cases); Doumer!’ (one case); Alvarez and Velasco! (one ease); Lian, 
et al.'? (two eases), and Chapuy and Brun' (one case). 

Of the various theories which have been advanced to explain angina 
pectoris in cases of mitral stenosis, that of a failing heart muscle is the 
simplest, and therefore seems to me to be the most probable. That is to 
say, the right ventricle and left atrium, which are taxed to force blood 
through the stenosed mitral orifice, are unable to meet unusual demands: 
the left ventricle is therefore unable to sustain a high enough head of 
pressure in the root of the aorta to supply the coronary arteries with a 
sufficient amount of oxygenated blood. 


REPORT OF CASES 


CASE 1—B. T. was born in 1916, and was the second of eleven children. During 
the first two months of this pregnancy her mother was ill with pneumonia. 

When she was six months old she had a cold, and cyanosis and dyspnea were 
then observed for the first time. Thereafter, marked cyanosis was occasionally ob 
served after exertion, or in association with infections of the respiratory tract. 
Palpitation, shortness of breath, and precordial aching were brought on regularly by 
exertion, and not infrequently she experienced severe, stabbing, retrosternal pain. 


She felt tired constantly. After walking half a mile to school, she always had to 
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rest for several minutes before she could go upstairs; at times it was necessary for 
her to stop and lie down. She coughed up blood occasionally, usually when she 
was having an unusual amount of dyspnea; she had not, however, experienced 
epistaxis. She suffered a great deal with migraine. 

Examination.—B. T. was first examined by me in 1931. She was a poorly de- 
veloped, poorly nourished girl, and was slightly cyanotic. Moderate kyphosis and 
precordial bulging were noticeable. A diastolie thrill was palpable just within the 
apex, and a diastolic shock was felt in the pulmonary area. The area of cardiae dull- 
ness was increased. At the apex, a low-pitehed, rumbling murmur, beginning in 
mid-diastole, was followed by a long, harsh, systolic murmur which was transmitted 
medially. The pulmonic second sound was extremely accentuated, but there was no 
murmur in the pulmonie region. The systolie murmur could be heard faintly in the 
left interscapular space. During the period of hospitalization the pulse rate ranged 
from 74 to 150; it was usually between 110 and 120. The systolic blood pressure 


varied from 9S to 104, and the diastolie from 72 to 76. 


‘TT 


Fig. 1.—Teleoroentgenogram of B. T., in March, 1931. Note the prominence of the 
pulmonary conus and artery, the increase in the density of the hilar vessels, and the 
enlargement to the right. The aorta and the tip of the left atrium can also be made 
out. 


The teleoroentgenogram is shown in Fig. 1. Fluoroseopiecally, the pulmonary 
trunk could be seen to expand during systole, and alterations in the density of the 
hilar vessels, particularly on the right, were observed with the heart beat. The 
electrocardiogram exhibited only right axis deviation. 
mitral stenosis were evident, congenital mitral 


Diagnosis.—Although signs of 
stenosis is rare, and the roentgenologiec appearance was not typical. B. T.’s symp 
toms dated back to infancy, and the diagnosis of congenital heart disease therefore 


seemed warranted, 
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Course.—She spent most of her waking hours reading, day-dreaming, and writing 
verse. However, she continued to have frequent and ever more excruciating attacks 
of anginal pain; she realized that she might die in any one of them, and wished as 
much as an intensely devout girl could that she might be released from her suffering. 

She spent May 8, 9, and 10, 1936, at a religious revival which caused her great 
emotional excitement; this was climaxed when her uncle, who was a drunkard, prom- 
ised to reform. After walking two blocks from the streetcar on her return home the 
following day, she collapsed and began to cough up frothy, bloody sputum. The 
heart rate ranged from 140 to 150 until her death ten hours later. 

Necropsy.—The general outline of the heart was that of an inverted keystone, 
as shown in the roentgenogram. The external diameter of the pulmonary artery was 
3 em. There was no communication between the atria or between the ventricles. 
The ductus arteriosus was closed. The average thickness of the wall of each ven- 
tricle was 12 mm. The tricuspid valve was normal, measuring 8 em. The inner 
circumference of the pulmonic valve was 8 em. The pulmonary artery appeared 
normal, except for its dilatation, and so did the proximal parts of its main branches. 
The mitral valve was deep, tremendously thickened, and stenosed; its orifice measured 
about 6 by 8 mm. The inner circumference of the aortic valve was 5.5 em. The 
aorta looked normal, and there was no anomaly in the origin of the coronary arteries 
or of the great vessels. Grossly the heart muscle seemed healthy. The lungs were 


almost solid with edema. 
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Fig. 2.—Tracing of the lateral teleoroentgenogram of B. T. The displacement of the 
esophagus, which was visualized with barium, reveals the degree of dilatation of the 


left atrium. 

CASE 2.—R. D., a newspaperman, aged 36, was first examined by me on March 1, 
1933. In 1915, after two weeks of rheumatic fever, he resumed a very active life. 
During the course of an examination for life insurance, in 1920, a heart murmur 
was discovered. In 1928 he began to notice that playing eighteen holes of golf 
exhausted him. At about the same time he experienced an excruciating pain which 
began in the left humerus and radiated back to the precordium and down to the 
xiphoid, and was associated with dyspnea, palpitation, and, at times, tachyeardia. 
These attacks, which lasted perhaps four minutes, would terrify him. He had four 
or five similar attacks from 1928 to 1930. Christmas night, 1932, he experienced his 
first attack of nocturnal orthopnea. By that time his endurance had decreased to 
such an extent that he had had to give up golf, and walking two blocks uphill would 


tire him. 
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Examination.—In March, 1933, the heart was slightly enlarged to the left, but 
no thrill was made out. At the apex, a soft diastolic murmur, which merged into a 
presystolic murmur, and a rough systolic murmur were noted. The pulmonic second 
sound was markedly accentuated. The blood pressure was 104/74; the pulse rate 
was 92. The teleoroentgenogram revealed the typical mitral configuration, without 
great enlargement. 

Diagnosis.— Aside from the history, the physical signs justified the diagnosis of 
rheumatie heart disease, with mitral stenosis. The anginal attacks were attributed 
to rheumatic changes, such as those described by Karsner and Bayless,14 in the 
coronary arteries. In view of the steady lessening of the cardiac reserve during 


the preceding five years, a rather grave prognosis was given. 


Fig. 3.—Post-mortem anteroposterior roentgenogram of the heart of R. D., showing the 
calcification of the mitral valve. 


Course.—He continued to have severe attacks of pain, usually following exertion. 
In none which I observed did the heart rate exceed 120, Severe congestive failure 
had developed by September, 1936. After this, in spite of staying in bed most of 
the time, with rigid restriction of fluid and salt intake, and frequent injections of 
salyrgan, his condition grew steadily worse. 

In the summer of 1938 there were several paroxysms of tachycardia, with a heart 
rate of about 180. These attacks were not associated with pain, although he expected 
to die in each one. Each of these subsided after an injection of 5 grains of soluble 
phenobarbital. He had several alarming pulmonary emboli, but only two attacks of 
angina, in 1938. The abdomen was tapped, and 8,000 to 10,000 ¢.e. of fluid removed, 
in June, July, and August, and Southey tubes were used from Aug. 11 until his 


death, a week later, 
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The systolic blood pressure was usually from 90 to 100, with a pulse pressure of 
20, or less; the best reading was 124/88, and the poorest, a few weeks before death, 
84/76. 

The electrocardiograms were of interest only in that they showed a gradual de- 
crease in the amplitude of the QRS complexes. Successive teleoroentgenograms 
showed a gradual inerease in the size of the heart. Before his death, marked 
curvature of the nails had developed. 

Necropsy.—The body was waterlogged. Several pulmonary infarcts, in various 
stages of resolution, were observed. The heart weighed 547 Gm. The mitral valve 
was thickened, calcified, and stenosed; the opening measured approximately 6 by 
Smm. The coronary arteries were normal. The left ventricle was scarred and rela- 
tively atrophic. The pulmonary arteries appeared to be normal. 

Microscopic Examination.—Microscopic examination by Dr. Francis P. Parker 
revealed extensive scarring of the myocardium, but no coronary lesions. The pul- 
monary arteries were normal. 

Comment.—It is worthy of note that auricular fibrillation was never detected in 
this patient; even during the paroxysms of tachyeardia, in the last three months of 


his life, the heart beat was regular. 
DISCUSSION 


Both of these patients with mitral stenosis suffered, for a number of 
years, frequent, severe attacks of classical angina pectoris, including 
the sense of impending dissolution. 

In spite of the difference in sex, age, social position, and educational 
advantages, these two patients had many things in common. Each had 
a family history of psychic instability, and each was a thin, highstrung, 
highly emotional, at times hysterical, person. 

The first patient never enjoyed much cardiae reserve, but she never 
exhibited frank signs of congestive failure until the terminal pulmonary 
edema. The second patient had his first signs of grave myocardial in- 
sufficiency eight years after the onset of minor symptoms, and twenty- 
one years after the attack of rheumatic fever. 

Each was subject to attacks of paroxysmal tachyeardia. During the 
course of an examination the girl’s heart rate would suddenly increase 
to 140 or 150, but she would have no pain. The man might suffer ex- 
treme pain in the left arm when his heart rate was not more than 120, 
but during three of his paroxysms, when the heart rate was 180, he was 
observed to have pronounced precordial oppression, dyspnea, and fear 
of impending death, although true anginal pain was conspicuously ab- 
sent. It is quite possible, however, that the anginal crises were often 
precipitated by taechyeardia. 

In the first case, perhaps the most serious obstruction was in the pul- 
monary circulation and was caused by a primary selerosis of the lesser 
system such as Posselt'® has described. It is possible that the primary 
lesion was congenital mitral stenosis, and that this obstruction raised 
the pressure in the pulmonary arteries to such an extent that eventually 
they underwent secondary sclerotic changes. In the second case there 
was no serious disease of the pulmonary artery or its branches. The 
mitral valve was calcified, and there was extensive fibrosis of the myo- 
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cardium. In both cases the coronary arteries were grossly normal, and 


in one of them they were normal microscopically, also. 

It would appear, then, that the anginal seizures in both cases were 
caused by the fact that the left ventricle did not receive blood fast 
enough to enable it to sustain in the proximal aorta a pressure adequate 
to fill the coronary arteries when these arteries were called on to meet 


extra demands. 
It is suggested that, if more attention were paid to symptomatology 


in cases of rheumatie heart disease, angina pectoris would be reported 


more often. 
SUMMARY 


Two cases of angina pectoris which was associated with, and prob- 


ably caused by, verified mitral stenosis are reported. 
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TERMINAL CARDIAC MECHANISM IN CORONARY ARTERY 
DISEASEK* 


Revort or Two Cases 


Ben E. Goopricu, M.D., Derrorr, Micu., Ropert J. Neepues, M.D., 
Str. PETERSBURG, FLA. 


N NOVEMBER, 1938, Grieco and Schwartz' demonstrated that ven- 

tricular standstill may be the cause of death after acute coronary 
artery thrombosis. They did not observe ventricular fibrillation follow- 
ing the ventricular tachycardia which preceded cardiac death. In 
June, 1939, F. Janney Smith? reported, from this clinic, a case in which 
ventricular fibrillation occurred after acute coronary artery thrombosis. 
It has been our singular experience to observe electrocardiographieally, 
during one afternoon, the terminal cardiae mechanism in two instances 
of sudden death from coronary artery disease. One of these deaths was 
shown, at autopsy, to have been caused by marked coronary artery 
sclerosis (the patient had had angina pectoris). The other was un- 
doubtedly the result of infaretion of the anterior wall of the heart; 
it ceeurred on the tenth day following the coronary occlusion. 


CASE REPORTS 


CASE 1—A. J. A. (No, 79986), a white man, 46 years old, was first seen in June, 
1926. On subsequent occasions, in the hospital and outpatient department, he had 
been treated for a number of minor complaints. No serious illness was noted until 
Aug. 2, 1939, when he stated that for several weeks he had had severe, aching pain in 
both shoulders and down both arms. The distress was periodic and would last only a 
few minutes. It was present only during exertion, and was relieved promptly by rest. 
It was most likely to oceur after meals. There had been no substernal or precordial 
distress, 

On Aug. 11, 1939, abut 3:00 p.M., the patient made one of his regularly scheduled 
visits to the outpatient department. He had been feeling well and had noted no dis- 
In the lobby of the hospital he collapsed, became un 


tress or discomfort that day. 
He was brought to the cardiae clinic, 


conscious and cyanotic, and shortly vomited. 
where he recovered for a few moments and indicated that he was having crushing sub- 
Concentrated glucose solution (100 ¢.c. of 20 per cent), with 3.5 grains 


sternal pain. 
He soon lapsed into 


(0.25 gram) of aminophyllin, was administered intravenously. 
The ashen cyanosis increased. The cardiae rate was 54, and the 
The blood pressure could not be obtained, and the peripheral 
An electrocardiogram was ob- 


complete coma. 
beating was regular. 
pulse was imperceptible. He was sweating profusely. 
tained. He was given 0.5 ¢.c. of adrenalin subcutaneously, and heat was applied 
externally. A pronounced protodiastolic gallop rhythm was present, together with 
irregularly occurring extrasystoles. The electrocardiograph was again connected. At 
3:15 p.M. a severe clonic convulsion occurred, and respirations ceased. The 


about 
Artificial 


heart sounds could not be heard, and it was felt that the patient was dead. 
respiration was applied, and 1 ¢.c. of adrenalin was injected into the heart. No 
further evidence of life appeared except in the electrocardiogram (Fig. 1). 
*From the Department of Medicine, Henry Ford Hospital, 
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After 3:15 p.m., when, from the clinical standpoint, the patient was dead, the record 
first showed an almost regular heartbeat, at a rate of approximately 150, and com- 
plexes which varied slightly in contour. Three minutes later the complexes were 
smaller and varied more. At 3:20 and 3:21 there were prominent, rounded waves 


(2; 


which occurred at a rate of they were preceded and followed by very small 


deflections. At 3:22, there was, for a time, no evidence of ventricular activity, for 


wLead 


Fig. 1. 


the small deflections which occurred at a rate of less than sixty a minute may have 
been entirely of auricular origin. With the resumption of ventricular activity, 
at 3:23, although the voltage was small, there continued to be a_ recurring 
similarity in the form of the complexes. The last portion of the record showed a 


further decrease in the amplitude of the deflections. 
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H The left anterior coronary 


The autopsy was performed by Dr. G. B. Kerr. 
artery was tortuous and thickened, and the lumen was almost obliterated in several 
places by confluent atherosclerotic plaques. No fresh thrombus could be seen. The 
right coronary artery showed only an occasional patch of atherosclerosis. No area 


of myocardial infarction could be demonstrated, either grossly or by histologic 


section. 
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Department of Reviews and Abstracts 


Selected Abstracts 


Hoyos, Jorge Meneses, and Palacios, Hector Caraza: Experimental Studies on 
the Action of Ascorbic Acid on the Heart. An. Inst. de Biologia 10: 173, 1939. 


A solution of ascorbie acid, 1:1,000, produced increased amplitude and fre- 
quency of the heart of the turtle and the frog. 

Ascorbic acid has no action upon the isolated turtle’s heart other than per 
haps that of producing a slight increase in the amplitude of the auricular beats. 

In experimental scurvy there is a diminished voltage in the electrocardiogram ; 
cure results in return to normal voltage. 

The voltage of the normal human electrocardiogram can be increased by intra 
venous injection of small doses of ascorbic acid. The same can be done with stimu 
lating doses in the rabbit. Toxie doses cause a diminution of voltage. 

The effect appears to be directly on the ventricle. 

JENSEN. 


Maldonado-Allende, Ignacio, Orias, Oscar, and Segura, Angel S.: Attempts to 
Register Cardiac Sounds During Experimental Ventricular Fibrillation. Actas 
y Trabajos del VI Congreso Nacional de Medicina, Cordoba, vol. I, 1939. 


Twenty-two dogs were used for the experiments. Their hearts were exposed and 
electrocardiograms and audiograms of the regular action were obtained. The ven- 
tricles were then made to fibrillate, and the fibrillation was recorded by electro- 
cardiograms. The audiogram showed vibrations of a frequency which classed them 
as sound waves. The findings, however, were not as constant as the authors could 
wish, and the amplitude of the waves varied from moment to moment. In some 
eases in which the auricles continued to beat regularly, the waves indicating auricu- 
lar activity continued as before. When they also fibrillated, they gave rise to waves 
similar to those produced by the ventricles. It is suggested that such researches 
may throw some light on the origin of the heart sounds. 

JENSEN. 


Bloomfield, Arthur L.: Dysphagia With Disorders of the Heart and Great Vessels. 

Am. J. M. Se. 200: 289, 1940. 

Dysphagia may oecur in connection with the following disorders of the heart and 
norta: dilated left auricle, pericarditis, saccular aneurysm, dissecting aneurysm, and 
anomalous aortic arch. 

While pressure on the esophagus is common with all of these conditions, clinical 
dysphagia occurs very rarely except with saccular aneurysm and anomalous aortic 
arch, 

Difficulty in swallowing in a patient with pericarditis suggests a large effusion. 

Marked dysphagia with aneurysm suggests a false sac or huge lesion with threat- 


ened rupture. 
Dysphagia in a supposed case of coronary occlusion should arouse suspicion of 


dissecting aneurysm. 
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The literature dealing with the above conditions is reviewed, and a ease of 
dysphagia associated with compression of the esophagus by an enlarged left auricle 
is reported. 

AUTHOR, 


Coelho, Eduardo, deCosta, Filipe, and deOliveira, Artur: Novocaine Infiltration 
of the Stellate Ganglion in Angina Pectoris. Impressa Medica. 5: 3, 1939. 


The authors submitted patients with angina pectoris to exercise tolerance tests 
(stair climbing). They studied the effect both on the pain and on the electro- 
cardiogram. In 70 per cent of their cases there were electrocardiographie changes 
following effort; these changes did not necessarily coincide with the onset of pain. 
Nine patients had bilateral injections of novocain into the stellate ganglion; seven 
had it in the left side only. In each case the injection was followed by Claude- 
Bernard-Horner syndrome. A control series of normal persons were similarly in- 
jected, and their electrocardiographic response to effort was tested before and after 
injection. Neither effort nor injection had any effect on the electrocardiogram. In 
the patients with angina pectoris the blocking of the ganglion prevented the pain, 
but it did not change the electroeardiographic response. The authors concluded 
that the operation only interrupted the painful sensations, but had no effect on the 
coronary circulation. Believing that angina pectoris is caused by coronary vaso- 
constriction, they assumed that the operation did not interfere with the vasocon- 
strictors. 
stopped the patients, nor did it enable any of them to climb more steps. 


The operation did not delay the onset of fatigue which formerly had 
JENSEN. 


Sodeman, William A., and Engelhardt, Hugo T.: A QRS Pattern of Diagnostic 
Value in the Electrocardiogram. Am. .J. M. Se. 200: 337, 1940. 


A QRS pattern is described which has been found to occur in tracings from 
patients with heart disease in the absence of any other electrocardiographic evidence 
It promises to be of value in electrocardiographic interpretation. 

AUTHORS. 


of heart disease. 


Puddu, Vittorio: On the Duration of Cardiac Systole During Hypocalcemia. Boll. 
e atti della R. Academia medica di Roma. 64: 131, 1938. 


In two cases of hypoparathyroid hypocalcemia the author found that systole as 


measured by the electrocardiogram was prolonged as compared with normal. This 
difference was not demonstrable with the sphymograph. 
JENSEN. 


Mussafia, A., and Puddu, V.: Electrocardiographic Researches With Multiple 
Thoracic Leads. Boll. e atti della R. Acedemia medica di Roma 64: 277, 1938. 


Authors examined twenty-eight subjects, with the exploring electrode on various 
points of the precordium and with the indifferent electrode always in the left leg. 

Four positions were selected: the fourth left interspace near the sternum, the 
apex beat, a point midway between the two at the level of the apex beat in the 
anterior axillary line, and the midaxillary line. 

They conclude that the electrocardiogram depends on the size of the heart and 
its position within the chest. It is determined by the potential of the adjoining 
part of the heart. The less the distance of the heart from the electrode, that is, 
the closer the heart 
the heart which affects the electrode. These two statements are confirmed by numer- 


is to the chest wall, the more circumscribed is the surface of 


ous other researches. 
JENSEN. 
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Mussafia, A., and Puddu, V.: Results of Two Precordial Leads. Cuore e cireolaz. 
23: 281, 1939. 


In 500 tracings on 400 patients, two precordial leads were compared, one with 
the exploring electrode on the fourth intercostal space at the parasternal line (CF,), 
and the other with the exploring electrode at the apex lead (IV F). In both, the 
indifferent electrode was on the left foot. 

Lead LV F is more specific and more sensible than CF,, when the general cardiac 
state is considered. However, in some patients with heart disease, CF, alone was 
affected; especially in some cases of myocardial infarctions was the eleetrocardio- 
graphic change present only in CF,,. 

The authors recommend the use of both precordial leads together, at least when 
coronary thrombosis is suspected. 

JENSEN, 


Coelho, Eduardo, and deOliveira, Artur: Tachycardia and Paroxymal Ventricu- 
lar Fibrillation in Infarction of the Myocardium. Cardiologia 3: 169, 1939. 


Three case reports of ventricular tachycardia and one of ventricular fibrillation 
following cardiac infaretion are given. The attacks were of unusually long dura- 
tion and occurred in younger patients (aged 45, 40, and 88 years). The article 
is accompanied by numerous electrocardiogram tracings. 

AUTHORS, 


Davis, John S., Jr.: Diagnosis and Treatment of Gonorrheal Septicemia and 
Gonorrheal Endocarditis. Arch. Int. Med. 66: 418, 1940. 


Gonorrheal endocarditis is a fairly common disease. The diagnosis can and should 
he made early so that proper treatment may be instituted. Since a positive blood 
culture is frequently hard to obtain and is not the only diagnostic criterion, it is not 
absolutely necessary, and it may be dangerous to delay the diagnosis for lack of this 
one determination, The high percentage of diagnoses made at autopsy bears mute 
testimony to this. The high mortality should, in the future, be curtailed and the 
majority of the patients should recover, 

AUTHOR, 


Rosenberg, David H.: Bacterial Endocarditis and Syphilis of the Aortic Valve. 
Arch. Int. Med. 66: 441, 1940. 


The literature dealing with bacterial endocarditis and syphilitic valvular disease is 
critically reviewed, and the reported cases are grouped categorically as proved, doubt 
ful, and unproved. 

Since Libman first directed attention to the infrequent concurrence of these dis 
eCuSeS, only ten proved cases have been reported. To these, the records of seven 
more instances are added, making a total of seventeen proved cases. Of the remain- 
ing cases in the literature, four are regarded as doubtful, and in twenty-nine thie 
existence of syphilitic aortic valvular disease remains unproved. 

Based on the available data, a study of the incidence is made, and the suggestions 
offered for the interpretation of the rarity of this combination are discussed. At 
tention is drawn to the diagnostic difficulties and to the limitations of a positive 
Wassermann reaction. 

Contrary to the opinions expressed in current literature, it is apparent from this 
study that bacterial endocarditis associated with syphilitic aortitis per se (without 
involvement of the aortic cusps or commissures) is not of rare occurrence. 

With greater interest directed to the clinical and anatomic recognition of bacterial 
endocarditis superimposed on syphilitic valvular deformities, it is likely that their 
coexistence may be observed more frequently than heretofore. 

AUTHOR, 
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Gauld, Ross L., and Read, Frances E. M.: Studies in Rheumatic Disease. V. The 
Age at Onset of Primary Rheumatic Attack. J. Clin. Investigation 19: 


1940. 


(=), 


Various defects in published data relative to the age selection of rheumatic dis 
ease are discussed, and the results of a study on this subject, in which every effort 
was made to eliminate these errors, are presented. 


f ninety-six consecutive pu 


The group for study was a generation of families « 
tients admitted to the Cardiae Clinie of the Harriet Lane Home because of rheumatic 
disease, and it consisted of parents, uncles, and aunts of these patients (index cases). 

The accuracy of the data and various possible errors in the histories are recog 
nized and discussed. 


The age at onset of 115 cases of rheumatic disease oceurring in the generation 
was found to fall most frequently between the ages of 5 and 14 vears, and 25 and 


vears. 
The relative risk of developing the disease was determined by dividing the number 


‘onsets at each age by the person-years at risk for the corresponding age to obtain 


annual incidence rate. This risk was found to be greatest between the ages of 


and 14 years and 25 and 354 years. 
AUTHORS. 


Coelho, Eduardo, and deOliveira, Artur: Syphilis of the Interventricular Septum 
and Ventricular Tachycardia; Syphilis of the Pulmonary Artery. Arch. d. 
mal. du Coeur 32: 17, 1939. 

This report of a gumma in the interventricular septum is the second case of the 
kind reported in the literature. The patient, aged 24 years, died from heart failure 
and A-V block and defective intraventricular conduction. At autopsy there were 


shown syphilitic changes in the pulmonic valves and in the pulmonic artery. There 
were also gummas in the interventricular septum. 
This case is of exceptional interest. 
JENSEN, 


Bruck, Max: Is There a Physiologic Hypertonia of the Aged? Cardiologia 4: 


165, 1940. 


The author examines the question whether there is a physiologic arterial hyper 
tension in old age and whether the increased blood pressure in old age is a sign 
of disease. 

The blood pressure levels, studied in healthy students of athletics, fluctuate a 
cording to Gaus’ curve. 

The figures in older people do not conform to the Gaus’ curve and there is no 
evidence for increased physiologic fluctuations. The observations can be inter 
preted as a mixture of the normal curve with pathologic figures; thus, it is im 
possible to deduce a physiologic increase of the arterial blood pressure in old age 
from these observations. 

There is no evidence for a physiologic increase in arterial pressure in old age. 
There is evidence for the view that the pressure remains stationary or may even 
decrease. 

The probability for the fluctuations of arterial pressure in normals is calcu 
lated. The probability is small that a pressure of 150 mm. Hg falls within the 


range of the normal. 
AUTHOR. 
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de Navasquez, S., Forbes, J. R., and Holling, H. E.: Right Ventricular Hyper- 
trophy of Unknown Origin: So-called Pulmonary Hypertension. Brit. Heart 
J. 2: 177, 1940. 


Three cases of severe right ventricular hypertrophy of unknown origin have 
heen described. 

The usually accepted causes of such hypertrophy due to disease of the heart 
and lungs have been excluded. 

The clinical and pathologie changes have been described and discussed. 

It is suggested that the term ‘‘idiopathie right ventricular hypertrophy’’ should 
in future replace ‘‘primary pulmonary arteriosclerosis’’ or ‘‘hypertension,’’ which 
have no foundation in facet. 


AUTHORS. 


East, Terence: Pulmonary Hypertension. Brit. Heart J. 2: 189, 1940. 


Three cases are described in which failure of a conspicuously hypertrophied 
right ventricle took place. At autopsy no satisfactory cause for this hypertrophy 
could be found. 

They present a clinical picture which should be fairly easily recognizable dur- 
ing life. 

1. Enlargement of the right ventricle, with the characteristic electrocardiogram. 


2. Enlargement « 


f the pulmonary artery, confirmed by the skiagram. 
3. A loud pulmonary second sound suggesting a high pressure in it. 

t. Intraetable and progressive failure of the right ventricle, with the main 
tenance of normal rhythm, dyspnea of any severity being absent. 

5. A normal appearance of the left auricle. 

6. An absence of valvular defects, congenital or acquired, or of patent septa. 
(Patent interauricular septum might be difficult to exclude.) 

7. An absence of pulmonary disease, 

8. The absence of evidence of syphilis. 

It is suggested that a condition of idiopathic or essential pulmonary hypertension 
may exist as a cause for those findings. 
AUTHOR. 


Armstrong, T. G.: Failure of the Right Ventricle. Brit. Heart J. 2: 201, 1940. 


It is suggested, that the duration of the failure and its unremitting nature in 
this case were due to the right ventricle failing alone. The unusual pathologic 
findings, the cardiac ‘‘cirrhosis’’ of the liver, and the chronic indurative changes in 
the peritoneum, were probably an expression of the extreme chronicity of the dis- 
ease, and are strictly comparable with the findings in constrictive pericarditis. 

AUTHOR. 


Schiappoli, Franco: On the Significance of Venous Pressure Registered by Clini- 
cal Methods. IV. Modification in Normal Subjects Following Reflex Stimu- 
lation, Thermal and Mechanical. Cardiologia 4: 214, 1940. 


Changes of venous pressure following thermal and mechanical stimulation and 
after pressure on the carotid sinus and the eyeball were studied. Changes were 
observed which were independent of variations of arterial pressure with regard 
to duration, extent, and direction. Considerable changes were observed following 
stimulation which produced definite parasympathetic excitation. 

The determining factor influencing venous pressure is the tone of the veins. 
(Changes in venous pressure can be produced only by reflexogenous modifications. 


AUTHOR. 
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Robinson, S. C., and Brucer, Marshall: Body Build and Hypertension. Arch. Int. 
Med. 66: 393, 1940. 


A review of the literature shows that no rigidly controlled statistical study on a 
sufficiently large series has conclusively established a positive correlation between 


blood pressure and body build. Some writers contend that no correlation whatsoever 


exists. 
In this study of blood pressure and body build, made on 5,658 persons, an index 
derived from dividing the chest circumference by the standing height was used as a 
ratio of width to height to distinguish the narrow linear type of persons from the 
broad lateral type. 


Among 1,861 men and 1,797 women, 17 per cent of the men and 31 per cent of 


the women were of the narrow-chested, linear type of build, and 12 per cent of 


both men and women were of the broad-chested, lateral build. 

Observations lead both to the general conclusion that a positive correlation be- 
tween body build and blood pressure does exist and to the following specifie con- 
clusions: 

In both men and women there is an increase in the average build 
This increase in the adult is greatest before the age 


chest-to-height 


ratio—with an increase in age. 
of 50 years; after this age there is a tendency for the average build to decrease. 
Men and women of lateral, or broad, build show a marked tendency to hyper- 


tension. The mean, median, and modal systolic and diastolie blood pressures in 


crease with an increase in chest-height ratio. 

The lateral, broad-chested type of man has more than four times the expectancy 
of development of diastolic hypertension as has the man of linear, or slender, build. 
The women of lateral build have almost eleven times the expectancy of development 
of systolic hypertension and eight times the expectancy of diastolic hypertension 
as have the women of linear build. 

The men and women of lateral build have only about one-half the expectancy of a 
low systolic or diastolic pressure as have men and women of the linear build. 

In any random group of men of lateral build, high systolic and diastolie pres- 
sures occur three times as often as low pressures. In any random group of women 
of lateral build, the ratio of high systolic pressure to low systolic pressure is 5:1, 
and the ratio of high diastolic pressure to low diastolic pressure is 4:1. 

In any random group of men of linear build, the ratio of low systolic pressure 
to high systolic pressure is 3:1, and the ratio of low diastolic pressure to high 
diastolic pressure is 5:1. In the group of slender women the ratio of low to high 
systolie or diastolic pressures is 4:1. 

In any random group of persons with systolic hypertension the ratio of lateral 
to linear builds will be: men, 4:1; women, 11:1. In any random group of persons 


with diastolic hypertension the ratio of lateral to linear builds will be: men, 7:1; 


women: 8:6, 

In any random group of persons with low systolic pressures the ratio of linea 
to lateral builds for both men and women will be greater than 2:1. In those with low 
diastolic pressure the corresponding ratio for men will be greater than 2:1, and for 
women, almost 2:1. 

The relation between lateral build and hypertension and between linear build and 
low blood pressure is found in all age groups. 

The incidence of high pressures increases and that of low pressures decreases 
men of lateral build. In those of linear build the incidence of high 


with age in 
low pressure is 


pressure is constant up to the seventh decade; the incidence of 
constant throughout life. 

The incidence of high pressures increases with age more markedly among women 
of lateral build than among those of linear build, and at every age the incidence of 
low pressure is greatest among the women of linear build, 

AUTHORS. 
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Williams, J. R., Jr., Grollman, Arthur, and Harrison, T. R.: The Reduction of 
the Blood Pressure of Hypertensive Dogs by the Administration of Renal 
Extract. Am. J. Physiol. 130: 496, 1940. 


A series of eighteen hypertensive dogs were treated with renal extracts. The 
blood pressure of these animals was reduced appreciably, normal values being at- 
tained in some eases. Severe untoward symptoms accompanied this reduction in 
many eases. The bearing of these findings on certain aspects of the problem of renal 


hypertension has been discussed. 
AUTHORS. 


Wakerlin, G. E., and Gaines, Walter: The Effect of Various Agents on the 
Blood Pressure of Renal Hypertensive Dogs. Am. J. Physiol. 130: 568, 1940. 


Estrone, testosterone, and extracts of liver, pancreas, and garlie and parsley had 
no significant effect on the blood pressures of renal ischemic hypertensive dogs. 

Temporarily, dog renin slightly but significantly increased the blood pressures of 
renal hypertensive and normal dogs. 

Fresh hog kidney, adrenal cortical extract, whole pituitary extract, and pituitrin 
were without effect on the blood pressure in experimental renal hypertension in 
dogs. 

Distemper lowered the blood pressures of renal hypertensive dogs but extensive 
cellulitis was without effect. 

The growing evidence of similarity between experimental renal ischemic hyperten 
sion in the dog and essential hypertension in man is further substantiated. 

AUTHORS. 


Maldonado-Allende, Ignacio: Influence of Tobacco on Arterial Hypertension. 
Actas y Trabajos del VI Congreso Nacional de Medicina, Cordoba, Vol. IT, 


The author analyzed the effect of tobacco smoke on twenty-four patients with 
arterial hypertension, who were smokers and nonsmokers; he tested the effect on 
the heart rate, the blood pressure, and the electrocardiogram. 

Heart rate and blood pressure showed no significant changes. The electro- 
ecardiogram showed transient changes in the T waves in some or in all leads, in a 
high percentage of cases. These changes occurred more frequently in patients with 
hypertension. The changes are explained by (1) direct toxie effect on the myo- 
cardium, (2) indirect toxie effect via the nervous system, (3) production of chemical 
changes in the blood, slight, but still sufficient to influence cardiae nutrition, (4) 
constriction of the coronary arteries by the tobacco. 

It is thought that this effect regularly produced on the smoker’s heart may eventu 
ally result in permanent cardiae damage. 

JENSEN. 


Scaffidi, Vittorio, Jr., and Positano, Giuseppe: On the Significance of Venous 
Pressure Registered by Clinical Methods. V. On the Existence of Reflex 
99°F 


Venous Zone in the Region of the Superior Vena Cava. Cardiologia 4: 235, 
1940. 


Mechanical stimulations of the preauricular region of the inferior vena cava 
in dogs with closed chest produced hypertension in these zones; stimulations of 
the superior vena cava lower the pressure in the region of the superior vena cava. 
These fluctuations of venons pressure are due to reflexes which regulate the 
venous circulation. 

AUTHORS. 


508 THE AMERICAN HEART JOURNAL 


Keil, Harry: Dermatomyositis and Systemic Lupus Erythematosus. I. A Clinical 


Report of ‘‘Transitional’’ Cases, With a Consideration of Lead as a Possible 

Etiologic Factor. Arch. Int. Med. 66: 109, 1940. 

The protocols of five cases are recorded in detail in order to depict the varied 
manifestations of dermatomyositis as well as to illustrate what may be called a con- 
dition ‘‘transitional’’ between that disease and systemic lupus erythematosus. Ad- 
ditional examples of this condition are mentioned only in connection with the elabora 
tion or substantiation of certain points. A preliminary attempt is made to clear the 
ground for a more detailed consideration of the similarities and the differences in the 
clinicopathologic features exhibited by each of these diseases in their typical forms. 

Two instances of dermatomyositis are described, one very briefly, in which there 
appeared suggestive evidence that the factor of lead played an important part in 
the evolution of the elinieal picture. These enses are not isolated and are considered 
in relation to the data indicating that this heavy metal is a vascular poison, especially 
in certain susceptible persons. These data are earefully reviewed, notably because 
there is a tendeney on the part of observers to attribute various disease to lead 
absorption; whenever such views are advanced, critical investigators have, with con 
Moreover, the cases under my 


siderable justification, refused credence to them. 
Nevertheless, it is 


observation did not present the classic evidence of plumbism. 
suggested that lead may exert a deleterious effect on the blood vessels in especially 
susceptible persons with a presumably unstable vascular system, and in such persons 
‘vascular disease may be and remain the solitary sign of lead poisoning. The 
connection between this heavy metal and vascular disease is regarded as probable, 
even though specific or pathognomonic lesions are not produced. The evidence com 
piled in this paper cannot be summarily dismissed without further investigation of 
the problem, which is admittedly difficult. 
AUTHOR. 


Keil, Harry: Dermatomyositis and Systemic Lupus Erythematosus. II. A Com- 
parative Study of the Essential Clinicopathologic Features. Arch. Int. Med. 
66: 339, 1940. 


This studv is coneerned with a comparative analysis of the essential elinico 


pathologie features presented by systemic lupus erythematosus and dermatomyositis. 
Among the clinical phenomena encountered in both diseases are fever, pains generally 
regarded as articular, similar cutaneous and oral lesions, sensitivity to sunlight, 
Raynaud-like symptoms, Iymphadenopathy, splenomegaly, leucopenia, tendency to 
purpura, alopecia of the scalp, sterile cultures of blood, muscular involvement, and 
renal disease. At times both diseases may also run an afebrile course, and the 
clinieal picture may occasionally be dominated by what may be called the sequelae 
of these conditions. Despite these similarities and the oceasional overlapping of 
features, the average typical example of each disease runs a fairly distinetive course. 
The main body of the paper is devoted to an analysis of the differences in the 
elinicopathologie attributes. These are studied under the following headings: 
(1) age, sex, and seasonal incidence, (2) cutaneous lesions, (3) disease in the 
muscles, (4) involvement of subcutaneous tissue, (5) articular involvement, (6) renal 
disease, (7) ophthalmoscopic observations, (8) cardiac involvement, (9) disease in 
the serous membranes, (10) anomalies of the lymph nodes, (11) involvement of the 
spleen, (12) disease in the liver, and (15) invelvement of the brain. Certain labora- 
tory data are also compared, Likewise, differences in the prognosis are briefly dis 
cussed. Finally, the pathologic data thus far available are subjected to a critical 
examination with respect to their significance for diagnosis, and an effort is made 
to expose some of the many problems encountered in the evaluation of such observa 


tions. 
AUTHOR. 
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Bowers, James M.: Arteritis of the Temporal Vessels. Arch. Int. Med. 66: 384, 
1940. 


Report of a case of inflammation of the temporal arteries is presented, For a 
considerable period before diagnosis the associated headache was attributed to severe 
arterial hypertension. Undoubtedly, the occipital arteries were involved in a similar 
inflammatory process at the same time. Nine months after the subsidence of signs and 
symptoms, the patient suffered a cerebral vascular mishap, which probably was due 
to arteritis of the cerebral vessels, of the same nature. Interruption of the pain 
pathway of the sympathetic nervous system after resection of an arterial segment 
and injection of vitamin B, produced relief from pain. Many points in favor of 
designation of this condition as a separate entity of arteritis, especially of its dis 
tinction from periarteritis nodosa, may be found in the reports of the sixteen cases 
now on record. 

AUTHOR. 


Patek, Arthur J., Jr., Post, Joseph, and Victor, Joseph C.: The Vascular 
‘*Spider’’ Associated With Cirrhosis of the Liver. Am. J. M. Se. 200: 341, 
1940. 

The vascular spider, associated with disease of the liver, has the physiologic 
characteristics of an artery. This has been demonstrated by studies on direction 
of blood flow, pulsations, contractility, intravascular pressure, nad pharmacologic 
reactions. 

In serial sections, the histologic characteristics of two lesions are those of an 
artery and its arteriolar branches. In five others they resemble, in a magnified form, 
the arterial segment of an arteriovenous anastomosis (glomus). However, the 
branches of these vessels are continued into capillaries and are not directed into 
veins. 

AUTHORS. 


Lippincott, Stuart W.: Abdominal Aortic Mycotic Dissecting Aneurysm. Canad. 

M. A. J. 43: 115, 1940. 

This is a case report of an abdominal aortic aneurysm in which the gross examina 
tion did not reveal the nature of the process. Detailed microscopic studies showed 
both arteriosclerosis and syphilis although they were not the underlying factors in 
the dissecting aneurysm. The formation of this resulted from a septic medial 
necrosis. There was a complicating infection in the ear and the right knee joint, 
containing B-hemolytic streptococci. These organisms were responsible for the pro 
duction of the aortitis, with medial neerosis, intimal rupture, and formation of this 
rare form of dissecting aneurysm. 


Porter, William B., and Vaughan, Edwin W.: Coronary Embolism: A Complica 
tion of Syphilitic Aortitis. Am. .J. M. Se. 200: 184, 1940. 
Thirty cases of coronary embolism are analyzed as to age, sex, source of embolus, 
branch of the coronary artery occluded, and type of death. Three new cases of 
coronary embolism are reported, all of which oeeurred in colored males. Syphilitic 


nortitis was the indirect source of the embolus in eaeh ease. 
AUTHORS. 


Weiss, Soma, Kinney, Thomas D., and Maher, Mary M.: Dissecting Aneurysm of 
the Aorta With Experimental Atherosclerosis. Am. .J. M. Se. 200: 192, 1940. 
Three cases of healed and functioning dissecting aneurysm are reported. Endo 


thelium and atherosclerosis developed over the internal surface of the new aortic 
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The atherosclerosis of tie dissected aortic wall was pronounced in one of 


channel. 
double 


the cases and mild in two. In none of the cases did the existence of a 
channeled aorta contribute to the death of the patient. 

In a 73-year-old female, with a healed dissecting aneurysm, the roentgen-ray pic- 
ture revealed a double shadow corresponding to the double-channeled aorta. The sur- 
face of the new aortic channel was covered with numerous atherosclerotic plaques and 
endothelial islands. 

In Case 2 endothelialization and mild atherosclerosis of the dissecting aneurysm 
developed within twenty-three months, 

The histologic structure of the parallel strands bridging the lumen of the new 
aortic channel indicates an origin from the frayed-out strands of elastic from the 
media, rather than intercostal arteries. 

In approximately 10 per cent of the reported cases, dissecting aneurysm heals, is 
not the cause of death, and can be compatible with adequate functional capacity for 
years. 

AUTHORS, 


Gross, Harry, and Philips, Benjamin: Complete Occlusion of the Abdominal Aorta. 
Am. J. M. Se. 200: 203, 1940. 


Seven cases of complete occlusion of the aorta at its bifurcation, observed during 
the course of 5,350 autopsies, are presented. 

Of these, four were patients with atherosclerosis of the coronary arteries and 
aorta, two with diffuse vascular disease involving the venous system, and one with 
chronic rheumatic cardiovalvular disease, auricular fibrillation, and ball-valve 
thrombus of the left auricle. 

Clinically, the classical picture usually associated with complete occlusion of the 
aorta at its bifurcation occurred in one case. In the remaining six, the clinieal varia 
tions were probably due to: (1) differences in the rate of progression of the occlu 
sion; (2) the presence of an adequate collateral circulation; and (3) subsequent de 
velopment of a more efficient anastomotic circulation. 

In two cases of peripheral arteriosclerosis, a rapid and progressive course with 
early bilateral involvement and the recurrence and progression of gangrene of the 
stump should have suggested the existence of an associated occlusive lesion of the 
aorta. 

The difficulties inherent in making the differential diagnosis between thrombosis 
and embolism as the cause of complete occlusion are diseussed. 

AUTHORS, 


Follis, Richard H., Jr.: The Coronary Arteries in Relation to Sudden Death 
During Anaesthesia. Bull. Johns Hopkins Hosp. 47: 211, 1940. 


Three cases of sudden death during nitrous oxide, oxygen and ether anesthesia 
are presented. In two of them the right coronary orifice was very small, and the 
circumference of the right coronary artery was only one-half that of the left. In the 
third case there was extensive arteriosclerosis. These cases seem to re-emphasize 
the importance of the status of the coronary arterial system in relation to sudden 
death during anesthesia, 

AUTHOR, 


Gregg, Donald E., and Green, Harold D.: Registration and Interpretation of 
Normal Phasic Inflow Into a Left Coronary Artery by an Improved Differential 
Manometric Method. Am. J. Physiol. 130: 114, 1940. 


A method is described for continuous optical registration of the instantaneous 
rate of inflow into a coronary artery. This involves shunting the blood from the 
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aorta to the coronary artery through a short external circuit containing an 
orifice (or other device) connected with a differential manometer. 

The left coronary inflow curves so obtained demonstrate that beginning ap- 
proximately at the onset of isometric contraction there is a rapid retardation of 
flow but that with the rise of aortie pressure during ejection the inflow rapidly 
accelerates, reaching a peak during the middle of the rise of aortic pressure and 
then declining to a more or less constant rate of inflow during the latter part of 
systole. Following the incisura there is again a rapid acceleration, the inflow 
reaching a peak early in diastole and then declining with the progressive fall 
of aortic pressure in diastole. 

The inflow records are complicated by volume elastic effects due to the cyclic 
rise and fall of aortie pressure and by a compressor action of ventricular systole. 

Despite these complications, and unless some other unknown factors are operat- 
ing, it seems probable that the rate of inflow at the end of diastole, just preced- 
ing isometric contraction, can be used as an index of intramural flow during 
diastole. 

Similarly it seems probable that the rate of inflow during the brief interval 
at, or just preceding, the onset of protodiastole, i.e., at the peak of the peripheral 
coronary pressure curve, can be used as an index of the systolic rate of intra- 
mural flow. In almost all instances the systolic intramural flow so measured is of 
sizable magnitude. 

The rate of intramural flow per millimeter of differential pressure is greater 
during systole than during diastole. 

Simultaneous measurement of aortie pressure and rate of intramural flow 
indicates that the resistance to blood flow existing during the latter part of 
diastole is increased from 2- to 4-fold during systole. 

The total flow may be determined from the moment-to-moment flow curve by 
appropriate procedures. 

AUTHORS. 


Brightman, I. Jay, and Batterman, Robert C.: The Treatment of Edema by 
Rectal Administration of Diuretics. J. Lab. and Clin. Med. 25: 1038, 1940. 


The mereurin and modified salyrgan suppositories produce only minimal changes 
in the rectal mucosa, but they may occasionally cause local discomfort and 
burning. 

Mercurial diuretic suppositories may produce a definite and clinically effective 
diuresis, but their dependability is only 60 per cent. 

The possible danger of administering a mercurial diuretic intravenously soon 
after a suppository is discussed. 

AUTHORS. 


Robertson, Harold F., and Faust, Frederick B.: Theophylline with Isopropano- 
lamine in Heart Disease. With Especial Reference to Congestive Failure. 
J. Lab. and Clin. Med. 25: 1066, 1940. 


The effect of theophylline with isopropanolamine was studied in a series of 
twenty-one patients, with reference to capillary dilatation, arterial, venous, and 
spinal fluid pressures. These pressures showed a definite fall associated with a 
capillary dilatation. This response to the drug, although comparatively brief, 
may prove useful in the treatment of congestive heart failure in conjunction with 
venesection and other appropriate measures. Further study may establish a more 
sustained effect with the oral or intramuscular administration of this preparation. 
Our observations showed considerable relief from dyspnea and orthopnea shortly 
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after injection, lasting from three to four hours. The clinical improvement was 


far more sustained than the laboratory studies indicate. 
AUTHORS. 


Kissane, R. W., and Koons, R. A.: Spontaneous Redigitalization Following Rapid 
Diuresis in Congestive Heart Failure. T'r. Am. Therap. Soc. 29: 111, 1940. 


Forty-three cases of postdiuretic syndrome have been observed; some occurred 
accidentally and others were produced experimentally. The chief symptoms are 
marked bradycardia, nausea, vomiting, headache, weakness, extrasystoles, and coupled 
rhythm. Occasional transient auricular fibrillation or flutter will occur. 

The primary factor in the production of this syndrome appears to be the reabsorp 
tion of digitalis substances from the edematous fluids; the secondary factor, the 
rate of elimination of this fluid through the kidneys with sufficient rapidity to pre- 
vent the elimination of these substances. It appears that both these factors must 
be present before the syndrome will occur. The syndrome does not appear to be due 
to mercurial diuretics since it occurred following rapid diuresis with glucose. 

It is suggested that diuresis be produced slowly and digitalis be stopped until 
the amount of the reabsorption can be determined. 

AUTHORS. 


Starr, Isaac, and Ferguson, L. K.: B Methylcholine Urethane: Its Action in 
Various Normal and Abnormal Conditions, Especially Postoperative Urinary Re 
tention. Am. J. M. Se. 200: 372, 1940. 


Beta methylcholine urethane, a stable choline derivative synthesized by Major at 
the suggestion of Simonart, has been studied in the clinic. 

Having the typical choline action, this drug produces effects analogous to stimula 
tion of parasympathetic nerves. These effects can be abolished by atropine. It is 
more stable than mecholyl and largely lacks the undesired nicotine-like action of 
doryl. It is probably for this reason that uncomfortable side effects are at a 
minimum. The .authors regard it as superior to doryl for use in the clinic. 

Given to twenty-five normal young adults, in suitable dosage, the drug caused 
increased peristalsis and a desire to void when its action on the heart and cireula 
tion, salivation, and sweating was minimal. 

The drug caused emptying of the bladder in 68 per cent of 122 patients with 
postoperative urinary retention, reducing the necessity for catheterization by two 
thirds. 

It has also been used with benefit in patients with neurogenie bladders and_ in 
certain eases of abdominal distention, extreme constipation, and peripheral vaseular 
disease. 

AUTHORS, 


Book Reviews 


THE SOLDIER’s HEART AND THE EFForT SYNDROME: By Sir Thomas Lewis. See 

ond edition, 103 pages, Shaw and Sons, London, 1940. Price, 8/6. 

The first edition of this book was prepared shortly before the close of the 
war of 1914-1918. The book has now been drastically revised—largely rewritten, in 
fact. It is not a treatise on heart disease, but a collection of information which 
is particularly applicable to the soldier. 

As in the first edition, there are four major sections: the first deals with 
definition, etiology, symptoms, prognosis, and treatment of the effort syndrome; 
the second, with the diagnosis of heart disease in soldiers; the third, with the 
examination of recruits; and the fourth, which is less important, with medical 
reports of discharged soldiers. The quality of the book is up to Sir Thomas’ 
high standard. Facts and statements are presented briefly, clearly, and force- 
fully, and are obviously backed up by a wealth of information and preparation. 

The trend of the times indicates the need for this new, revised edition. Al- 
though the effort syndrome is encountered among civilians, it is much more im- 
portant in military practice. The section on diagnosis of heart disease in soldiers 
is of particular value at present, in view of this country’s national defense 
measures. The part which the members of the medical profession will be called 
on to play, especially those who will examine recruits, if compulsory military 
training is adopted, and those who will serve as cardiac consultants, requires 
that this subject be handled in an intelligent, coordinated way. This book is a 
condensed report and guide, and should be read by every cardiologist and con- 
sultant. All of the British experience is filtered out and condensed in its few 
pages. 


ELECTROCARDIOGRAPHY : By Chauncey C. Maher, M.D., Assistant Professor of Medi- 
cine, Northwestern University, and Paul H. Wosika, M.D., Instructor in Medi 
cine, Northwestern University. Ed. 8, 554 pages, 100 electrocardiograms, 42 
diagrams, 5 roentgenograms, $4.00, Baltimore, 1940, The Williams and Wilkins 


Company. 


The appearance of this work in its third edition speaks for its popularity and 
also for the need of a simple exposition of the important subject of electro- 
eardiography. The authors have adopted a novel, clear, and concise method of 
explanation, both of its theory and practical application. The book is essentially 
a primer, and, as such, is excellent. There is a clear discussion of the anatomy 
of the conduction system. Diagrams are drawn with many of the electrocardio 
grams, pointing out topographically the anatomic and physiologic condition of 
the heart which is responsible for the abnormal mechanism. This is especially 
well done in the case of auricular flutter and fibrillation. This edition has been 
enlarged and its scope broadened, particularly with reference to correlation of 
the roentgenographic appearance of the heart with the electrical axis. Perhaps 
subsequent editions will consider such subjects as lateral wall infarction, pul- 
monary infarction, hypo- and hyperealeemia, acidosis, alkalosis, and acute 
nephritis. 
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This book is recommended to the beginner in electrocardiography; he will 
find it a convenient stepping stone to more extensive treatises. The type, paper, 
and binding are excellent, and aid in making the book attractive. 

HAROLD 


CLiInicAL Heart DISEASE; 2nd Edition: By Samuel A. Levine, M.D., Assistant 
Professor of Medicine, Harvard Medical School, Senior Associate in Medicine, 
Peter Bent Brigham Hospital, Boston. W. B. Saunders Co., 1940, 477 pages, 


109 illustrations. 


The second edition of this deservedly popular book does not incorporate many 
important changes from the first edition, which appeared four years ago. How- 
ever, the reader is informed that no great or fundamental advances in cardiology 
have taken place during that period. 

The author, as is well known, has been an enthusiastic and tireless student of his 
subject for many years. He writes tersely and clearly and is willing to express 
his opinions on controversial subjects. Since those opinions are the result, not of 
desk research, but of careful, intelligent work and observation, they cannot fail 
to interest even those who have labored long in similar vineyards. The book is 
intended for general practitioners, and fulfills their everyday needs very well in 
deed, It should also be helpful to cardiologists, especially those who have not as 
vet been through the mill of arduous clinieal training. 

CHARLES C. WOLFERTH. 


MANUAL OF PERIPHERAL VASCULAR DisorpERS: By David W. Kramer, M.D., As- 
sistant Professor of Medicine, Jefferson Medical College. Philadelphia, 1940, 


448 pages, 126 illustrations, $6.00, The Blakiston Company, 


This book attempts to give the general practitioner and the specialist in periph- 
eral vascular disease, first, a careful outline of the symptoms, signs, and tests, and, 
second, a classification of the various vascular disorders, their etiology, pathology, 
diagnosis, and treatment. The author has succeeded in the first part in presenting 
an orderly method of study and in describing accurately the various symptoms and 
signs. His description of diagnostic apparatus and tests is complete, and he gives 
a very fair estimation of their value. One hundred eighteen pages are given ove! 
to this important part of the book. 

Part IL would be better titled ‘* The Occlusive Arterial Disorders,’’ instead of 
‘*The Occlusive Vascular Disorders,’’ for diseases of the veins are barely men- 
tioned and the lymphaties are not included. No satisfactory classification of 
peripheral vascular diseases has thus far been presented. The author has made 


an earnest attempt to accomplish this, but leaves one a little confused. For in 


stance, in Chapter 10 he includes diabetic arteritis under chronic forms, listing it 
with the so-called infectious group. 
Chapters 16, 17, and 18, on vasospastic diseases, could be combined, for there is 


some reduplication, and all of the conditions which are described are very closely 
related. 

One is glad to see a section on hypertension in a manual of this type. 

The sections on treatment are well arranged, and the various types of therapy 
receive excellent evaluation. The author considers the economic factors in deciding 
what treatment to use, and attempts to avoid elaborate apparatus unless it is 
definitely indicated. 

Part LV is entitled ‘‘Gangrene and Disorders of the Veins.’’ One wonders why 
gangrene was not placed under arterial disease, for it is of relatively little impor- 
tance in venous pathology. One is also disappointed in noting only 24 pages on 
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veins, and, moreover, no section or chapter on lymphatic disease. The bibliographies 
are satisfactory and plenty of case reports are included. Some of the illustra 
tions, such as Figs. 2 and 22, fail to show at all, or clearly, what is intended. Other 


photographs are quite indistinct. The addition of more photographs, especially 
‘*before and after,’’ with the case reports would be of value. 

Finally, this book is essentially a manual for the practitioner, There is little 
that is new for the worker in this specialty. As compared to many recent books 
on peripheral vascular disease, it evaluates treatment in a much more unbiased 
way. It is almost entirely devoted to diseases which affect the arteries primarily, 
and, therefore, does not completely cover the field indicated by its title. 


A. WILBUR DURYEE. 


ACUTE MyocarpiTis: By F. Wulrmann. 148 pages, S. Karger, Basel. 


This monograph may be of fundamental importance. Its purpose is to give a 
complete picture of a neglected condition, namely, acute interstitial myocarditis, 
originally described by Fiedier in 1897. The work is based on an original series of 
thirty-six cases. This is recorded in the beginning of the book. Fifteen of the cases 
occurred in patients with pulmonary tuberculosis. The second half is given over to a 
general description. The condition is well circumscribed and may be distinguished 
from the changes which follow diphtheria, scarlet fever, sepsis, and rheumatism, 

A review of the not very numerous cases in the literature and eighty-six illustra 
tions, which are very clear, follow. Altogether, this is a most commendable work. 


JULIUS JENSEN. 


PHONOCARDIOGRAPHIC AND HEMODYNAMIC STUDIES IN PREGNANT WOMEN AND FETI 
DURING THE LAST MONTHS OF NORMAL PREGNANCY: By Julio C. Pereira, 114 


pages, Buenos Aires, 1959, 


By the direct method of Wiggers and Dean, the author recorded the phonocardio 
grams of forty-nine normal women and found no essential difference between these 
and records obtained from men. Nor did fifty pregnant women show any important 
difference. 

The author also recorded the fetal phonocardiogram, and found that the first 
sound has a duration of 0.105+0.0024 second, and is composed of 3.820.088 vibra- 
tions, with an average tracing amplitude of 9.4140.548 mm. The second sound has a 
duration of 0.0740.0015 second, is composed of 2.5940.0539 vibrations, and has a 
vibration amplitude of 6.28+0.1725 mm. 

The author believes that these results are more accurate than the discrepant ones 
obtained with the Cambridge stethograph. 

The average fetal heart rate was 141. The duration of systole decreases as the 
rate increases. 

Altogether, this constitutes an elaborate and careful statistical study, richly illus 
trated. 

JULIUS JENSEN 


STUDIES ON VENOUS PRESSURE DURING VALSALVA'S EXPERIMENT: By Knut Lied 


holm. Acta med. Scandinav., 215 pages, Suppl. 106 (Lund), 1939. 


This is a most detailed and elaborate analysis of Valsalva’s experiment, 


special study of the venous pressure. The author justifies his effort by stating that 


: I 
Valsalva’s experiment is hy no means exclusively a laboratory test, but a mechanis? 
which functions with every sudden muscular effort. In view of the attention whic 
recently has been paid to venous pressures in general, this behavior during Valsalva’s 
experiment may be important. The author then analyzes the nature of Valsalva’s 
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experiment and the literature on its effect on the circulation: the size of the heart, 
stroke and minute volume, arterial pressure and venous pressure, heart rate, and 
changes in the capillaries. 

The author then describes his elaborate technique for the simultaneous kymo 
graphic registration of thoracic and abdominal breathing and venous and arterial 
pressure. The methods for measurement of these phenomena are then elaborately dis- 
cussed. 

The author has subjected twenty-nine persons with normal cardiovascular systems, 
twenty-eight with hypertension, and forty-five with valvular lesions of the heart to his 
experiments. In the analysis of his observations, relatively slight emphasis has been 
placed on the state of compensation of the patient. 

There is an elaborate analysis of the effect of respiration on the venous pressure; 
in some persons the venous pressure sinks during inspiration, and in others it rises. 
The reason for this discrepancy is not clear. 

The increase in intrathoracic pressure during Valsalva’s experiment is often 
followed, in a few seconds, by an increase in venous pressure which continues gradual 
ly until a certain maximum is reached. In extreme cases this may reach 71 cm. of 
H,O. The curve proceeds at the same rate of incline till the top is reached. When the 
intrathoracic pressure is released, the venous pressure again falls at an even rate 
until it approaches the normal level, when it gradually flattens out. This function is 
then submitted to a most complete and elaborate mathematical analysis. Taken as 
groups, the normal persons showed the highest increase in venous pressure, those with 
valvular lesions the second highest, and those with hypertension the poorest response. 
This difference Liedholm ascribes to lowered vital capacity, i.e., impaired compensa 
tion; yet he does not enter further into the relation. He does not consider Valsalva’s 
experiment suitable for a test of cardiovascular function. The decrease in venous 
pressure is largely influenced by respiration. A great many curves and statistical 
tables are included in the work. There are finally, a summary in English and ten 
pages of references. 

With the exception of the relation of Valsalva’s experiment to decompensation 
(which I should consider of some importance), this work leaves little to be said about 
Valsalva’s experiment. The references appear to cover all essential literature on the 


venous pressure, 
JULIUS JENSEN. 


LA CIRCULATION DE RETOUR: By André Jouve and Jean Vague, 180 pages, no illus 
trations, 1940, Masson et Cie., Paris. 


The title of this monograph cannot be translated directly into English without 
creating a misconception, for ‘‘ venous return’’ is used in a different sense in America. 
The book is concerned with the anatomy, physiology, and pathology of that part of 
the circulation, including the blood depots, which lies between the venules and the 
tricuspid valves. The veins form the principal part of the system; they are con 
ceived of as reacting as a unit to physiologie and pharmacologie agents, as having 
control of the amount of blood in the depots, and as being a chief factor in the 
distribution of blood between the various parts of the circulation. The relationship 
of this system to the commoner conditions of disease is the main subject of this book. 

The authors’ most interesting contribution to the subject has been secured by 
means of a new clinical test to demonstrate the presence or absence of an excess of 
blood in the ‘‘cireulation de retour.’’? With the subject in the horizontal position, 
the pressure is recorded with a manometer which is connected to a needle in a vein 
near the elbow. The legs are then passively elevated at an angle of 60° for fifteen 
seconds, and then lowered to the horizontal for fifteen seconds; following this, the 
right upper quadrant of the abdomen is compressed with both hands for fifteen 
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seconds. The venous pressure is measured at fifteen-second intervals. In normal 
subjects, these maneuvers do not affect the venous pressure; if they elevate it, the 
test is positive. 

From their own observations, and from estimations of venous pressure, blood 
volume, blood velocity, and cardiac output which they have gathered largely from 
the literature, together with the clinical manifestations, the authors attempt to 
draw a picture of what is happening in the circulation in each of the commoner 
diseases, with emphasis on the role of the veins and depot organs. The examples 
which follow are chosen from those which are most novel to Americans. 

Congestion in heart failure is believed to be a manifestation of increased blood 
volume. It is of two types, namely, hypervolemia with high venous pressure, and 
hypervolemia with relatively low venous pressure. The difference between them is 
attributed to the degree of venous constriction, which may be a compensatory reac- 
tion to support a weakened heart, but also, under certain conditions, may cause 
further cardiac embarrassment. 

In addition to arterial hypertension caused by arteriolar constriction, the authors 
speculate about another form which is primarily the result of venous constriction ; 
by increasing ecardiae filling, this would increase cardiae output, thus raising blood 
pressure against normal arteriolar resistance. 

Lack of tone of the venous walls, in addition to many other factors, is believed 
to play a large part in shock and collapse. 

These and the other theories which are discussed are put forward modestly as 
working hypotheses only. The multiplicity of factors involved and the difficulty 
of evaluating them are repeatedly emphasized by the authors. 

It is not hard to eritieize the book. The chapter on treatment is the most un- 
satisfactory part. The American school is far more critical of therapeutics than 
the French, and, in the absence of any evidence whatsoever, will hesitate to admit 
the value of a large number of drugs, baths, and other agents which, in addition 
to standard remedies, are said to benefit patients, sometimes by acting on the veins. 
One wishes that more factual data had been given, and that the relation between 
the facts and some of the theories had been set forth more clearly. Although many 
authors are mentioned by name, the reader who is concerned with the facts is handi 
capped by a complete lack of specific references. There is no bibliography in tlie 
hook. 

This monograph makes a serious attempt to improve our conceptions of diseases 
of the circulation. The old theories which endeavored to explain all the phenomena 
of circulatory disease in terms of heart and arterioles are certainly outmoded, so 
that this presentation is timely and stimulating. It is difficult to say how successful 
the authors have been, for they are working in a field in which it is hard to secure 
convincing evidence, either for or against their views, but the same criticism could 
be made about many current theories concerning the heart and circulation which 
students of the subject are sometimes inclined to accept, more because they are 
familiar than beeause they can be supported by convincing evidence. Therefore, 
this monograph should be read by all who are interested in cardiovascular theories; 
it will stimulate some hard, and much needed, thinking. 

All Americans will join in the hope that the vicissitudes of war have not inte: 
rupted the authors’ work. 

ISAAC STARR. 
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HE American Heart Association stands alone as the national organization devoted 
to educational work relating to diseases of the heart. Its Board of Directors is 
composed of twenty-five physicians representing every portion of the country. 

The Section for the Study of the Peripheral Circulation was organized in 1935 for 
the purpose of stimulating interest in investigation of all types of diseases of the 
blood and lymph vessels and of problems concerning circulation of blood and lymph. 
Any physician or investigator in good standing may become a member of the section 
after election to the American Heart Association and payment of dues to that 


organization. 

To coordinate and distribute pertinent information, a central office is maintained, 
and from it issues an ever widening stream of books, pamphlets, charts, posters, 
films, and slides. These activities all concern the recognition, prevention or treat- 
ment of the leading cause of death in the United States, diseases of the heart. The 
AMERICAN HEART JOURNAL is under the editorial supervision of the Association. 

The income from membership and donations provides the sole support of the Asso- 
Lack of adequate funds seriously hampers more widespread educational and 


ciation, 
Great progress has been made, but much 


research work imperative at this time. 
remains to be done. 

Annual membership is $5.00 a year and journal membership at $10.00 includes a 
year’s subscription (January-December) to the AMERICAN HEART JOURNAL and an- 
nual membership in this Association. A cordial invitation to join in this crusade is 
extended to you. 

The American Heart Association solicits your support to the end that it may con. 


tinue more effectively the campaign to which it has devoted all its energy. 


*Executive Committee. 
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